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I.  INTRODUCTION 


Recent  study  efforts  to  define  viable  advanced  technology  air  vehicle  re¬ 
quirements  and  configurations  now  provide  the  broad  background  to  assess  the 
potential  of  Minimum  Size  Low-Profile  Cockpit  (MSLPC)  concept  and  the  integra¬ 
tion  of  crew  escape  system  concepts.  This  study  determined  the  attendant  per¬ 
formance  and  effectiveness  benefits  and  integration  considerations  of  implement¬ 
ing  the  MSLPC  in  the  various  candidate  air  vehicle  classes  being  examined  for 
application  to  next  generation  tactical  fighter  aircraft.  It  also  suggests  profit¬ 
able  variations  to  the  baseline  MSLPC .  identifies  the  crew  escape  provisions . 
and  defines  an  overall  plan  for  follow-on  exploratory  development. 

Each  weapon  system  component  must  be  conceived ,  integrated ,  and  imple¬ 
mented  to  successfully  achieve  three  goals  to  be  of  real  value: 

•  Significantly  reduce  the  enemy's  attack  envelope  (i.e. ,  have  fewer 
losses) 

•  Significantly  increase  its  own  attack  envelope  (i.e. ,  have  more  kills) 

•  Have  an  affordable  cost. 

While  the  need  exists  for  complex  analysis  and  design  processes  to  assure 
reduced  losses .  increased  kills  and  reduced  cost  cannot  be  understated ;  a  more 
simplistic  synthesis  is  valuable  for  obtaining  problem  insight  and  solution  guid¬ 
ance.  Such  an  approach  is  illustrated  in  Figure  1-1,  where  the  motivation  is 
for  reduced  air  vehicle  gross  weight  as  a  measure  of  both  reduced  cost  and  in¬ 
creased  survivability.  Attendant  to  reducing  weight  is,  of  course,  the  ability 
of  the  air  vehicle  to  exploit  technology  to  perform  its  mission  with  smaller  but 
more  efficient  components  for  decreased  drag  and  reduced  fuel  consumption. 

The  wing  and  engines  are  obviously  candidates  in  this  smaller  but  more  efficient 
category.  The  crew  station,  or  cockpit,  also  falls  into  this  category. 

The  crew  station  impacts  air  vehicle  size ,  performance ,  effectiveness , 
and  cost,  through  its  own  weight,  drag,  and  observables  signature;  and,  indi¬ 
rectly,  through  its  adverse  impact  on  other  components  (for  instance,  an  in¬ 
creased  vertical  tail  size  to  offset  the  destabilizing  effect  of  the  canopy) . 


1 


RADAR  CROSS  SECTION 


ncs. 


CUMUL  AVQ  FLYAWAY  COST 


TOGW,  KL8 


VULNERABLE  AREA 

•  VS  SA-2  MISSILE  THREAT 


O&S  COSTS,  UNIT  EQUIPMENT 


1 


20 


40  00 

TOGW. KLB 


80 


100 


1787-001W 


Figure  1-1.  Air  Vahido  Technology  and  Effaethreneaa 


The  inherent  constraints  the  cockpit  may  put  on  the  pilot's  ability  to  carry 
out  complex  functions  at  the  limits  of  the  aircraft's  capability  are  also  signifi¬ 
cant.  The  High  Acceleration  Cockpit  (HAC)  seat  improves  pilot  performance 
during  high-g  maneuvers,  but  contributes  little  to  reducing  profile  penalties 
(drag  and  stability)  or  observable  signatures,  and  imposes  some  additional 


weight  for  escape  sequence  function  due  to  seat  articulation.  The  MSLPC  con¬ 
cept  provides  profile  penalty  relief  at  no  apparent  weight  penalty  and  has  the 
potential  for  lower  observables,  but  it  imposes  a  challenging  design  problem  and 
requires  a  new  escape  system  concept  to  provide  a  safe  escape  capability  for 
the  semi- supine  pilot. 

This  study  is  devoted  to  quantifying  the  benefits  of  the  MSLPC,  integrat¬ 
ing  a  feasible  escape  system  concept,  developing  a  preliminary  design  for  a  pre¬ 
ferred  concept,  and  identifying  the  future  effort.  The  program  draws  from  both 
the  extensive  aeromedical  and  aircraft  cockpit  technology  data  base  of  the  HAC 
program  and  advanced  fighter  requirements,  and  configuration  study  efforts 
such  as  ATS,  Supercruiseval,  and  the  AFFDL /Grumman  Configuration  Develop¬ 
ment  of  Advanced  Fighters  (CDAF)  Study. 

The  results  of  assessments  of  the  required  characteristics  for  future  fight¬ 
er  aircraft  have  stressed  the  need  for  increased  combat  effectiveness  and  sur¬ 
vivability,  and  a  reduction  of  complexity  and  costs.  These  basic  needs,  cou¬ 
pled  with  advanced  aircraft  configuration  studies  and  technology  advances  in 
HAC ,  have  focused  renewed  interest  in  the  potential  payoffs  afforded  by  the 
MSLPC  concept. 

The  primary  feature  of  the  MSLPC  concept  is  that  the  cockpit  is  configured 
around  a  pilot  situated  in  a  semi-supine  position  with  seat  back  fixed,  at  a  high 
recline  angle.  This  results  in  a  significant  decrease  in  cockpit  height,  which 
may  yield  reductions  in  drag  and  observables  and  contribute  to  reduced  air¬ 
craft  size,  weight,  and  costs.  Since  the  semi- supine  pilot  position  is  based  on 
the  65°  reclined  high  G  position  developed  under  the  HAC  program,  the  MSLPC 
concept  also  provides  the  corresponding  increased  pilot  effectiveness  in  the  sus¬ 
tained  high  acceleration  environment.  In  addition,  the  MSLPC  concept  has  po¬ 
tential  payoffs  for  advanced  fighter  aircraft  where  reduced  supersonic  wave 
drag  and  minimum  size  and  cost  are  the  primary  goals. 

The  basic  idea  of  reducing  cockpit  size  and  profile  to  enhance  aircraft  per¬ 
formance  has  a  long  history  of  investigation  and  application  to  military  aircraft. 
The  current  high  level  of  interest  stems  from  the  conclusion  that  the  reduced 
size,  weight,  and  complexity  afforded  by  the  MSLPC  concept  can  contribute  to 
increased  fighter  aircraft  combat  effectiveness  and  survivability,  as  well  as  re¬ 
duced  costs.  This  conclusion  was  based  on  results  of  advanced  fighter  aircraft 
configuration  studies  and  the  contemporary  results  of  the  HAC  program  which 
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also  provides  much  of  the  criteria  in  the  areas  of  pilot  restraint,  head  support, 
side  controller,  instrument  panel,  and  control  locations  applicable  to  MSLPC. 

The  investigation  of  pilot  work  load,  advanced  controls  and  displays  systems 
was  beyond  the  scope  of  this  effort.  Emphasis  was  placed  on  the  MSLPC  config¬ 
uration,  the  aircraft  interface,  and  the  crew  escape  system  integration. 

The  investigation  of  MSLPC  and  Crew  Escape  System  Integration  estab¬ 
lished  a  baseline  cockpit  configuration ,  identified  compatible  escape  system  con¬ 
cepts,  and  determined  benefits  derived  from  the  application  to  high  performance 
fighter  aircraft.  The  baseline  cockpit  configuration  is  a  fixed  version  of  the 
65°  recline  position  developed  in  the  HAC  program.  Escape  system  concepts 
which  integrate  effectively  with  MSLPC  were  identified  and  evaluated  for  three 
performance  envelopes:  zero  to  450  KEAS ,  zero  to  600  KEAS,  and  zero  to  687 
KEAS .  A  preferred  concept  was  identified  for  each  performance  envelope  and  a 
preliminary  design  was  developed  for  the  zero  to  687  supine  concept.  The 
MSLPC  was  applied  to  a  M  1.6  light  weight  fighter  configuration  and  a  M  2.0 
penetration  fighter  configuration  developed  in  the  CDAF  program. 

The  selection  of  the  supine  concept  as  the  preferred  escape  system  was 
the  result  of  the  concepts  development  and  evaluation  (Figure  1-2)  presented  in 
this  report.  In  Subsection  4.4  the  performance  for  several  concepts  was  evalu¬ 
ated:  the  curved  track;  "B"  seat  variant;  canopy /shield;  and  supine  concept. 
The  primary  emphasis  during  the  initial  phase  of  study  was  directed  toward  the 
high  speed  environment  where  escape  problems  were  considered  to  be  more  crit¬ 
ical.  The  simulations  were  restricted  to  the  pitch  plane  and  the  aircraft  was  in 
level  flight  for  most  ejections.  It  was  during  this  phase  that  the  thrust  vector 
control  concept  was  introduced  and  the  importance  of  an  active  attitude  control 
system  was  clearly  demonstrated  for  high  speed  ejections.  Rocket  thrust  char¬ 
acteristics  were  sized  and  rocket  locations  and  orientations  were  explored.  The 
sizing  of  the  drogue  chute  was  initiated  during  this  phase,  and  a  relationship 
between  drogue  canopy  size  and  spinal  G  at  high  speed  was  investigated.  In 
Subsection  4.5  the  definition  and  evaluation  of  the  MSLPC  compatible  escape  sys¬ 
tem  concepts,  which  have  a  capability  for  intermediate  performance  envelopes 
defined  by  the  speed  ranges  of  0  to  450  KEAS  and  0  to  600  KEAS ,  were  deter¬ 
mined.  The  emphasis  during  this  phase  was  placed  on  the  adverse  attitude  and 
dive  conditions  where  ejections  were  calculated  in  three  dimensional  space.  The 
advantages  of  using  a  vertical  steering  control  system  were  clearly  demonstrated 
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here.  Further  sizing  of  the  rocket  thrust  characteristics  and  their  effect  on  the 
vertical  steering  control  system  were  investigated  during  this  phase. 

Included  in  Subsection  4. 6  are  descriptions  of  all  major  subsystems  result¬ 
ing  from  the  preliminary  design  of  the  supine  seat.  The  description  includes 
an  evolution  of  each  subsystem,  how  they  were  sized,  and  what  tradeoffs  were 
involved  in  their  selection.  The  systems  described  are: 

•  Seat  booster  (catapult) 
e  Seat  rocket 

•  Rocket  control 

•  Drogue  parachute 
e  Main  parachute. 
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This  phase  of  the  study  Is  similar  to  the  investigation  presented  in  Subsec¬ 
tion  4.5  in  that  the  11  flight  conditions  exercised  previously  were  utilized  again 
for  this  preliminary  design  effort.  However,  in  addition  to  spatial  trajectory 
plots,  time  histories  of  the  seats'  angular  motion  are  presented,  as  well  as  the 
G  loading  on  the  crewman  throughout  the  ejection. 


II.  MINIMUM  SIZE  LOW-PROFILE  COCKPIT  (MSLPC)  DEFINITION 

The  study  was  structured  to  evaluate  the  MSLPC  concept  in  various  projec¬ 
ted  air-to-air  and  air-to-ground  fighter  aircraft  configurations.  To  this  end,  a 
baseline  MSLPC  was  defined  and  used  for  both  the  development  of  escape  system 
concepts  and  the  evaluation  in  fighter  applications. 

2.1  BASELINE.  MSLPC  CONFIGURAXLQS. 

The  MSLPC  baseline  configuration  shown  in  Figure  2-1  served  as  the  re¬ 
presentative  low  profile  cockpit  in  the  evaluation  of  fighter  applications  and  the 
development  of  complementing  escape  system  concepts.  For  the  purpose  of  this 
investigation,  the  MSLPC  baseline  configuration  includes  the  following  elements: 

•  65°  seat  back  High  Acceleration  Cockpit  (HAC)  geometry 

•  Right-hand  (RH)  side  flight  controller 

e  Left-hand  (LH)  side  throttle 

•  High  authority  (i.e. ,  limited  movement)  rudder  pedals 

•  MIL-STD-850B  fighter  visibility 

•  Sth  through  95th  percentile  pilot  population 

•  Standard  personal  equipment,  including  G  suit  but  excluding  pressure 
suit 

•  Forward  instrument  panel/Head  Up  Display  (HUD) /side  consoles. 

Minimum  MIL-STD-850B  fighter  visibility  requirements  (11°  down  forward 
and  40°  down  side)  were  applied.  The  anthropometry  of  flying  personnel,  sup¬ 
plemented  by  data  and  design  criteria  found  in  Ref.  1 ,  was  used  to  deter¬ 
mine  the  clearance  envelope  for  the  pilot  and  was  confirmed  through  use  of  the 
AMRL  two-dimensional,  one-quarter  scale  5th  and  95th  percentile  drawing  board 
manikins.  The  control  and  display  arrangement  used  in  the  baseline  MSLPC  was 
based  on  the  criteria  developed  under  the  HAC  program  (Ref.  2). 
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2.2  CREW  STATION  GEOMETRY  CRITERIA  ’ 

In  as  much  as  the  MSLPC  baseline  geometry  is  based  on  HAC  criteria,  a  j 

description  of  the  HAC  geometry  is  necessary  to  provide  a  reference  for  further  4 

discussion.  The  HAC  application  study  (Ref.  1)  was  based  on  a  standard  cock-  | 

pit  geometry  and  an  existing  ejection  seat  escape  system  modified  to  incorpor¬ 
ate  articulation  of  the  pilot  to  a  recline  position  (Figure  2-2).  The  HAC  ele-  > 

ments  of  the  resultant  crew  station  geometry  were  consequently  compromised  by 
the  constraints  of  the  ejection  seat  escape  system.  The  ejection  seat  geometry, 
as  specified  by  MIL-S-9479B,  establishes  a  relationship  between  the  pilot  back¬ 
rest  angle  and  the  headrest.  The  relationship  between  the  backrest  angle  and 
the  design  eye  position  is  described  on  SNI(l)  and  SNI(3)  of  AFSC  DH  2-2. 

The  eye  to  headrest  relationship  during  normal  flight  control  conditions  (up¬ 
right  15°  seat  posture)  results  in  space  between  helmet  and  headrest.  The 
headrest  is  functional  only  during  an  ejection  to  support  the  head  against  wind 
blast.  In  the  MSLPC,  however,  the  pilot  is  in  a  fixed  recline  position  and  the 
head  /helmet  is  in  continuous  contact  with  the  headrest. 

2.3  HUMAN  FACTORS  CONSIDERATION  IN  MSLPC  GEOMETRY 

The  high  acceleration  cockpit  was  conceived  as  a  means  of  increasing  the 
level  of  a  pilot's  G  tolerance.  The  John  W.  Burns  study  of  a  Tilt-Back  seat 
(Ref.  4)  concludes  that  the  level  of  G  tolerance  is  a  function  of  the  hydrostatic 
column  distance  from  the  eye  to  the  aorta  which  varies  according  to  the  included 
angle  between  a  vertical  reference  line  and  a  line  connecting  the  eye  and  aorta. 

The  application  of  HAC  requirements  to  a  standard  cockpit  geometry  had  an 
immediate  effect  on  the  location  of  the  pilot's  head.  The  recline  pilot  position, 
which  makes  positive  head  support  mandatory,  produced  a  head  aft  displacement 
of  approximately  6  inches.  As  a  result,  the  HAC  crew  station  has  two  eye  posi¬ 
tions  (Figure  2-3)  which  are  accountable  with  respect  to  the  external  visibility 
related  to  flight  conditions  and  internal  visual  access  related  to  the  location  of 
control  and  information  displays. 

Since  the  MSLPC  concept  is  based  on  a  fixed  geometry ,  adjustable  only  for 
pilot  size,  it  was  considered  expedient  to  reexamine  the  headrest  angle.  Earlier 
in-house  examination  of  the  HAC  concept  revealed  a  problem  of  pilot  discomfort 
from  the  reclined  tight  head/chin  on  chest  condition.  In  the  interest  of  alleviating 
this  problem,  the  headrest  angle  was  increased  from  17°  to  40°.  Using  the 
AMRL  manikins  for  measurements,  the  HAC  and  MSLPC  retinal-aorta  relation- 
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Figure  2-1.  MSLPC  Configuration 


Figure  2-2.  HAC  Geometry 


Figure  2-3.  HAC  Craw  Station  Geometry 
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ships  are  shown  in  Figure  2-4.  An  additional  pilot  performance  benefit  is  de¬ 
rived  from  the  larger  headrest  angle  in  terms  of  increased  G  tolerance  result¬ 
ing  from  the  shorter  hydrostatic  column. 

The  provision  of  support,  comfort,  and  restraint  for  the  pilot  in  the 
MSLPC  is  a  critical  area.  The  simple  seat /pedal  anthropometric  adjustments 
reflected  in  the  baseline  geometry  are  an  adaptation  of  a  standard  ejection  seat¬ 
ed  cockpit  geometry.  It  is  adequate  for  positioning  the  pilot's  head  at  the  de¬ 
sign  eye  point  and  adjusting  the  rudder  pedals  to  suit.  Body  support  consists 
of  interconnected  seat  pan,  backrest,  and  headrest  surfaces  fixed  in  size  and 
angular  relationship.  The  inherent  comfort  in  the  recline  position  is  supple¬ 
mented  by  cushions  designed  for  pressure  point  relief.  The  primary  restraint 
system  is  similar  to  the  HAC  system,  but  modified  for  fixed  support  surfaces. 

The  three-plane  (surface)  support  concept  provides  little  flexibility  for 
accommodating  anthropometric  variables  involving  head,  neck,  shoulder,  back. 


Figure  2-4.  Relationship  of  Retinal-Aorta  and  Headrest  Angle 
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and  buttock  relationships .  Future  development  should  include  consideration 
for  a  multi-surface  independent  adjustment  support  concept  (Figure  2-5),  which 
features  up /down/pitch  adjustments  of  individual  support  elements  for  the  head, 
upper  back,  lower  back,  buttocks,  and  feet,  and  would  provide  more  effective 
body  support.  The  benefits  of  independent  element  control  can  be  summarized 


•  Pressure  point  relief 

•  Individually  tailored  support ,  optimized  fit 

•  Optimized  visibility 

•  Optimized  G  tolerance. 

The  capability  of  the  multi-surface ,  independent  adjustment  concept  could 
be  extended  to  include  automatic  increase  of  the  headrest  angle  to  provide  flex 
spine  relief,  and  automatic  increase  of  the  seat-pan  pitch  angle  to  provide  a 
more  effective  structural  platform  to  react  the  compression  loads  on  the  spinal 
column  during  the  aerodynamic  deceleration  phase  of  the  emergency  escape  or 
during  crash  conditions.  Obviously  the  benefits  of  such  a  system  will  involve 
tradeoffs  with  the  added  complexity  and  costs  involved. 


Figure  2-8.  Multi-Surfaot  Support  Concept 
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2.4  MSLPC  VISIBILITY  CONSIDERATIONS 

The  MSLPC  concept  presents  a  completely  new  visibility  environment  to 
which  the  pilot  must  adapt.  The  fixed  relationship  between  the  head  and  torso 
in  the  recline  position  during  all  phases  of  the  mission  flight  profile  (unlike  the 
HAC)  imposes  a  sustained  constraint  on  the  pilot's  head  mobility.  In  view  of 
the  disparate  requirements  of  external  and  internal  visibility  for  a  high  perfor¬ 
mance  fighter,  MSLPC  visibility  considerations  were  examined  during  the  study. 

2.4.1  Visibility  Requirements 

Although  the  external  visibility  requirement  for  a  particular  aircraft  type 
can  be  found  in  terms  of  a  minimum  transparency  provision  (MIL-STD-850) ,  it 
is  usually  not  available  in  terms  of  a  specific  functional  requirement  for  mission 
purposes.  Flight  control  of  the  aircraft  weapon  system  is  dependent  to  some 
degree  upon  external  visibility  for  takeoff,  traffic  avoidance,  target  acquisi¬ 
tion,  weapon  delivery,  defensive  maneuvers,  formation  flying,  and  landing  ap¬ 
proach,  all  of  which  are  experienced  in  a  dynamic  visual  environment.  Viewing 
distances  are  measured  in  feet  and  discrimination  is  affected  by  time  (day  / 
night)  and  weather  (clear/ cloudy). 

The  internal  visibility  requirement,  on  the  other  hand,  is  related  to  a 
static  or  unchanging  visual  environment.  The  information  displayed  and  con¬ 
trols  positioned  are  continuously  changing,  but  the  location  of  a  particular  func¬ 
tion  is  fixed  within  the  cockpit.  Viewing  distances  are  measured  in  inches  and 
discrimination  is  optimized  through  design  control  of  the  size,  location,  lighting, 
and  air  condition. 

2.4.2  Physiological  Limitations 

The  horizontal  and  vertical  binocular  visual  field,  with  head  and  eye  mo¬ 
tionless,  is  shown  in  Figure  2-6.  The  visual  field  can  be  extended  by  eye, 
head,  or  body  movement.  Eye  rotation  extends  the  field  to  the  limits  of  facial 
contour  interference.  A  shift  from  one  visual  fixation  point  to  another  is  ac¬ 
complished  most  quickly  by  eye  rotation  alone  when  several  shifts  in  succession 
and  small  angular  changes  (<15°)  are  involved.  A  fixation  point  held  for  more 
than  a  few  seconds  or  a  change  in  line  of  sight  of  more  than  15°  is  generally 
accompanied  by  head  rotation.  Orientation  with  surroundings  (internal  and  ex¬ 
ternal)  is  established  when  the  head  is  held  stationary.  The  level  of  disorien¬ 
tation  is  related  to  the  degree  and  rapidity  of  head  movement. 
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Figure  24.  Binocular  Visual  Field 

The  optimal  internal  viewing  distance  is  a  function  of  the  size  of  the  dis¬ 
play.  In  order  to  avoid  severe  strain  on  eye  muscles,  the  viewing  distance 
should  always  be  more  than  13  inches  and,  preferably,  at  least  20  inches. 

2.4.3  Equipment  Design  Limitations 

The  aircraft  transparencies,  escape  system  back  and  head  support,  and 
the  personal  equipment  worn  by  the  pilot,  present  material  limitations  to  the 
visual  field.  The  MSLPC  baseline  geometry  establishes  the  physical  relation¬ 
ship  between  the  pilot  and  the  aircraft.  The  resultant  relationship  between 
the  vertical  visual  field  (Figure  2-6)  and  the  aircraft  transparencies  is  shown 
in  Figure  2-7.  Using  the  monocular  "design  eye"  as  a  point  of  reference,  the 
limitations  imposed  by  the  windshield /canopy  structure  are  plotted  (Figure  2-8) 

Visibility  is  measured  as  an  area  limited  by  the  helmet  and  oxygen  mask 
projected  along  a  line  of  sight  normal  to  a  support  reference  plane  established 
by  the  pilots  head  position  as  related  to  back  rest  and  head  rest  angles  (Fig¬ 
ure  2-4).  The  17°  head  rest  angle  in  the  standard  (STD)  geometry  is  not  in 
contact  with  the  helmet  during  normal  aircraft  operation.  The  head  and  helmet 
are  erect  and  the  support  plane  of  reference  is  assumed  to  be  vertical.  The 
tine  of  sight  for  the  visibility  area  of  the  STD  geometry  is  therefore  zero  de¬ 
grees.  The  65°  back  rest  in  the  MSLPC  geometry  results  in  the  pilot’s  head/ 


helmet  being  in  continuous  supporting  contact  with  the  40°  head  rest.  The 
line  of  sight  for  the  visibility  area  of  the  MSLPC  geometry,  therefore,  is  40° 
in  elevation.  The  helmet  and  oxygen  mask  limitations,  as  defined  by  AFFDL- 
TR-74-48  (Ref.  2),  are  plotted  for  both  STD  and  MSLPC  head  positions. 

2.4.4  MSLPC  Implications 

The  elevation  of  the  static  area  of  visibility  produces  mixed  results.  The 
28  %  increase  in  external  visibility,  as  measured  on  the  Aitoffs  equal  area  plot, 
complements  the  improved  G  tolerance  and  contributes  to  an  enhanced  air-to- 
air  fighter  capability.  Aft  visibility  is  not  restricted  beyond  that  of  a  conven¬ 
tional  ejection  seat  equipped  cockpit,  except  that  a  more  demanding  physical 
effort  is  necessary  to  lift  and/or  rotate  the  head.  However,  internal  visibility 
is  severely  constrained.  Visual  access  to  the  instrument  panel  and  side  quar¬ 
ter  panels  is  possible  only  by  changing  the  head  position. 

Further  investigation  of  an  adjustable  headrest /support  appears  necessary 
to  resolve  the  specific  visibility  requirements  with  respect  to  external  takeoff/ 
landing  conditions  and  internal  instrument  panel/side  console  surfaces.  A 
closer  examination  of  the  physiological  constraints,  including  the  problem  of 
ejection  acceleration  limits  associated  with  the  flexed  spine,  is  also  in  order. 

2.5  MSLPC  CREW  STATION  VARIATIONS 

Variations  in  the  MSLPC  baseline  were  examined  in  order  to  determine  the 
absolute  minimum  sized  low  profile  cockpit.  If  size  is  measured  in  terms  of 
overall  height  (from  canopy  to  floor),  then  contributing  factors  are: 

•  Head  clearance  radius 

e  Head  rest  and  back  rest  angles 

•  Elbow  clearance 

•  Side  console  height 

•  Forward  down  vision. 

The  MSLPC  baseline  configuration  has  a  standard  10-inch  head  clearance 
radius ,  a  40°  headrest ,  a  65°  back  rest ,  clearance  for  a  95th  percentile  elbow , 
a  standard  8-inch  high  side  oonsole,  and  11°  forward  down  vision.  The  optimal 
floor  level  is  determined  by  the  limit  to  which  feet  and  rudder  pedals  can  be 
raised  before  interference  with  aircraft  structure.  Forward  down  vision  be¬ 
comes  a  factor  in  determining  overall  MSLPC  height  in  as  much  as  it  limits  the 
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aircraft  contour  lines  forward  of  the  windshield  and,  indirectly,  fixes  the  foot 
interference  level. 

The  MSLPC  alternate  configuration  (Figure  2-9)  incorporates  a  number  of 
variations  which  reflect  a  further  reduction  in  cockpit  size.  The  head  clearance 
radius  is  reduced  to  8  inches  because  the  head  and  upper  torso  will  be  relative- 
ly  immobile  and  a  distinct  effort  would  be  necessary  to  raise  the  head  off  the 
headrest.  Head  motion  would  be  limited  to  turning  or  rolling  to  gain  visual  ac¬ 
cess  to  the  side.  Because  of  the  advances  in  solid  state  electronic  technologies, 
console  control  panel  sizes  could  be  (and  are)  appreciably  smaller  than  the 
standard  dimensions.  Actually,  an  optimal  floor  location  is  determined  by  the 
limit  to  which  the  feet  and  rudder  pedals  can  be  raised  before  interference 
with  aircraft  structure.  The  floor  of  the  MSLPC  alternate  configuration  was 
accordingly  raised  2.5  inches  which  resulted  in  5.5-inch  high  side  consoles. 

The  combined  reduction  of  eye-to-floor  height  and  head  clearance  results 

in  an  overall  canopy-to- floor  height  of  38.5  inches.  The  corresponding  cross 

2  2 

sectional  area  at  the  design  eye  station  is  reduced  from  9.4  ft  to  8.2  ft  .  Dur¬ 
ing  the  exploration  of  variations,  an  adjustable  backrest  was  considered.  Pend¬ 
ing  final  resolution  of  escape  system  propulsion  elements ,  the  MSLPC  baseline 
configuration  has  space  below  the  seat  which  could  be  used  to  accommodate  ad¬ 
ditional  adjustment  of  the  backrest.  The  adjustment  could  be  variable  or  per¬ 
manent;  i.e. ,  variable  in  that  the  backrest  angle  could  be  changed  in  flight  or 
permanent  in  that  the  backrest  angle  is  functionally  optimized  and  fixed.  If 
permanent  (fixed),  the  angle  would  complement  structural  G  limits  (maneuver¬ 
ability)  and,  if  less  that  65°,  the  configuration  would  benefit  from  increased 
instrument  panel  area  (lower  knee  clearance) .  If  variable ,  the  adjustability 
would  provide  an  inflight  comfort  control  during  particular  phases  of  the 
mission. 

The  physical  aspects  of  the  baseline  MSLPC  were  substantiated  using  the 
Grumman  Advanoe  Cockpit  Mockup  Facility.  Modular  construction  of  the  prin¬ 
cipal  cockpit  elements  such  as  the  instrument  panel,  control  consoles,  wind¬ 
shield  frames,  canopy  bows,  and  ejection  seat  make  it  possible  to  expeditiously 
incorporate  conceptual  alterations  in  the  facility.  In  addition  to  incorporation 
of  representative  MSLPC  baseline  seat  geometry,  side  consoles,  flight  controller, 
and  throttle  assembly,  the  mock-up  modification  (Figure  2-10)  features  a 
hinged  and  separable  windshield  /instrument  panel  assembly,  interchangeable 
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Figure  2-10.  MSLPC  Mock-up 


8-inch  and  10-inch  head  clearance  canopy  constraints ,  and  an  adjustable  head¬ 
rest  (17°  to  65°).  Although  an  adjustable  headrest  would  add  to  the  weight 
and  complexity  of  the  escape  system ,  benefits  can  be  derived  from  a  subsystem 
which  would  permit  manual  positioning  forward,  and  would  automatically  posi¬ 
tion  the  headrest  aft  as  part  of  the  pre-ejection  functions;  such  as: 

•  Improved  visual  access  to  side  consoles 

•  Potential  enhancement  of  takeoff  and  landing  visibility 

•  Increased  windblast  protection  on  separation 

•  Elimination  of  flexed  spine  on  ejection. 

In  addition  to  confirmation  of  the  MSLPC  baseline  geometry,  the  mock-up 
made  a  significant  contribution  to  the  resolution  of  the  ingress/egress  problem 
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and  the  selection  of  the  preferred  escape  system  concept  to  be  discussed  in  the 
following  sections.  Within  the  context  of  the  MSLPC  configuration  and  crew 
escape  integration  study,  the  mock-up  evaluation  also  revealed  the  following: 

e  Flight  and  propulsion  control  locations  and  displacements 
were  acceptable 

•  All  control  panel  surfaces  were  within  operational  reach 

•  Forward  adjustment  of  the  headrest  appears  necessary  to  optimize 
forward  vision  for  landing. 

•  Visual  access  to  the  side  console  control  surfaces  is  severely  limited  by 
the  pilot's  torso  in  the  semi-supine  position. 

2.5.1  Crew  Station  Sizing  Summary 

In  order  to  place  the  beneficial  form-factor  of  the  MSLPC  in  proper  per¬ 
spective,  a  comparison  to  other  crew  station  concepts  is  presented  in  Figure 
2-11.  Both  the  "standard"  crew  station  defined  by  AFSC  DH  2-2  and  the  HAC 
applied  to  the  F-15  crew  station  (AFFDL-TR-75-139)  are  included,  as  well  as 
the  baseline  MSLPC  and  the  variations  MSLPC.  Cockpit  size  data  were  gener¬ 
ated  through  the  use  of  a  graphics  data  tablet  (DATAB)  oriented  computer  pro¬ 
gram  which  is  capable  of  extracting  various  information  from  drawings  and  lay¬ 
outs.  The  MSLPC  configurations  reflect  an  added  difference  in  size  that  re¬ 
sults  from  the  application  of  particular  escape  system  concepts  which  are  dis¬ 
cussed  in  following  sections. 
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2-11.  Cockpit  Sizing  Parameters 


III.  ESCAPE  SYSTEM  CONCEPTS 


An  initial  population  of  candidate  open  escape  system  concepts  was  postu¬ 
lated  consistent  with  the  unique  integration  imperatives  of  the  MSLPC.  Although 
the  use  of  a  separable  nose  capsule  would,  provide  a  relatively  well  established 
escape  system  capability,  inconsistency  with  the  minimum  cost  and  complexity 
goals  of  the  MSLPC  program  preclude  its  selection  as  a  candidate.  The  investi¬ 
gation  is  focused  on  the  development  of  variations  of  the  ejection  seat  escape 
concept  which  provides  an  escape  capability  (within  the  guidelines  of  MIL-S- 
9479B)  in  the  following  critical  areas: 

•  High  speed  conditions  up  to  687  KEAS/1600  PSF  dynamic  pressure 

•  High  acceleration  environment 

•  Low  altitude  and  adverse  attitude. 

The  investigation  initially  identifies  and  describes  the  candidate  escape 
system  concepts ,  complemented  by  a  discussion  of  distinctive  features ,  advan¬ 
tages,  and  disadvantages.  An  evaluation  of  human  factors  was  made  to  deter¬ 
mine  the  magnitude  and  direction  of  acceleration  forces  generated  during  the 
catapult  or  boost  phase  of  the  escape  sequence.  Weight  and  mass  properties  of 
the  seat  /man  mass  were  established  for  the  determination  of  computer  simulated 
aerodynamic  performance  and  aircraft  configuration  tradeoffs. 

3.1  CANDIDATE  ESCAPE  CONCEPTS 

The  escape  system  concepts  were  conceived  with  attention  to  pilot  safety 
and  survival ,  including  system  initiation ,  pilot  restraint ,  aircraft  separation , 
tail  clearance ,  stabilization,  system  sequencing,  recovery,  crash  conditions, 
emergency  rescue,  and  normal  ingress /egress. 

The  escape  system  concept  consistent  with  the  MSLPC  geometry  appears  to 
provide  some  potential  benefits.  Possible  advantages  include  the  directing  of 
ejection  forces  along  a  more  favorable  body  axis  (eyeoalls-in,  instead  of 
eyebaDs-down) ,  and  the  reduction  of  high  speed  drag  and  deceleration  forces  as 
a  result  of  smaller  frontal  areas  on  separation.  However,  there  are  also  possible 
disadvantages  including  pilot  restraint  in  a  large  seat  pan/backrest  angle  (148°) 
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under  deceleration  forces ,  larger  cockpit  volume  resulting  from  ejection  clearance 
requirements,  and  an  increase  in  cockpit  complexity  to  facilitate  seat /man  separa¬ 
tion  from  the  aircraft.  The  escape  system  concepts  derived  and  examined  in 
this  investigation  exhibit  these  advantages  and  disadvantages  in  varying  degrees. 

Escape  from  the  MSLPC  is  analogous  to  removing  a  foot  from  a  shoe.  The 
initial  ejection  system  constraints  assumed  that  all  aircraft  or  crew  station  elements 
(windshield,  instrument  panel)  not  essential  to  implement  the  escape  function  for 
a  particular  escape  concept  would  remain  intact.  The  separation  of  the  seat  /man 
mass  from  the  aircraft  accordingly  followed  a  predominantly  aft  direction  of  trav¬ 
el.  Subsequent  examination,  however,  revealed  possible  system  advantages  in 
enlarging  the  escape  clearance  envelope  by  moving  or  jettisoning  the  windshield 
and  instrument  panel  to  permit  the  separation  of  the  seat /man  mass  in  a  more 
upward  direction.  The  candidate  escape  system  concepts  therefore  included: 

•  Deflection  Wedge  -  Upright  •  "B"  Seat  Variant 

•  Deflection  Wedge  -  Recline  •  Curved  Track 

•  Tractor  Rocket  •  Supine  Concept. 

•  Shield /Canopy 

With  the  exception  of  the  tractor  rocket  concept ,  the  escape  systems  initial¬ 
ly  conceived  generally  conform  to  the  following  description. 

The  primary  system  activation  (ejection)  control  grips  are  located  on  each 
side  of  the  seat  pan  structure,  operable  with  either  or  both  hands.  System  acti¬ 
vation  instantaneously  initiates  seat  catapult  and  body  restraint  functions.  Lower 
limb  restraint  or  retraction  is  time  delayed  when  necessary  to  dear  aircraft 
structure.  The  seat  catapult  consists  of  dual  thrusters  attached  to  the  back  of 
the  seat  and  forming  an  integral  part  of  seat  structure.  Dual  manifolds  provide 
gas  pressure  which  initiates  catapult  cartridge  firing.  A  mechanical  guidance 
system  controls  the  movement  of  the  seat /man  mass  from  the  base  of  the  cockpit 
t*'  an  aircraft  separation  position  and  an  attitude  predetermined  by  flight 
simulation  and  analysis.  A  rocket  motor,  whose  thrust /time  profile  is  deter¬ 
mined  by  flight  simulation  and  analysis ,  is  located  on  centerline  within  the  back¬ 
rest  cavity  and  vectored  through  the  center-of-gravity  (CG)  of  the  seat /man 
mass.  Ignition  is  programmed  for  some  point  in  time  during  track  guidance  prior 
to  aircraft  separation.  During  free  flight,  separation  of  the  man  from  the  seat 
is  programmed  to  occur  at  acceptable  G  levels.  The  crewman  is  extracted  from 
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the  seat  by  the  parachute.  Parachutes  are  stowed  in  the  headrest  and  the 
backrest  cavity.  The  survival  kit  is  located  in  the  seat  pan  cavity. 


The  differences  and  variations  manifest  in  each  particular  escape  system 
concept  are  described  in  the  following  subsections.  The  event  time  sequence 
for  each  concept  is  shown  in  Table  3-1. 

3.1.1  Deflection  Wedge  -  Upright 

Both  the  upright  (Figure  3-1)  and  reclined  (Figure  3-2)  deflection  wedge 
concepts  feature  an  extendible  boom  and  wedge  located  on  centerline  below  the 

TABLE  3-1.  ESCAPE  CONCEPT  EVENT-TIME  SEQUENCE 
(Ground  Laval,  600  KEASI 


TIME  AFTER  INITIATION,  8EC 

ESCAPE  SEQUENCE/EVENT 

DEFLECT, 

WEDGE 

TRACTOR 

ROCKET 

SHIELD 

CANOPY 

"B" 

SEAT 

CURVED 

TRACK 

SUPINE 

CONCEPT 

SYSTEM  INITIATION 

0 

0 

0 

0 

0 

0 

AUTO  RESTRAINT 

0 

0 

0 

0 

0 

0 

CANOPY  JETTISON 

0 

0 

NONE 

0 

0 

0 

SEAT  BOOST/CATAPULT 

06 

06 

0 

06 

0.3 

06 

WEDGE  EXTENSION 

0A6 

NONE 

NONE 

NONE 

NONE 

NONE 

SEAT  RELEASE  (TOP  OF  BOOST) 

0.50 

060 

0.16 

16 

0.50 

06 

CANOPY  THRUSTERS 

- 

- 

0.15 

- 

- 

0 

ROCKET  THRUST-START 

0.51 

061 

061 

1.51 

061 

0.51 

ROCKET  BURN  OUT 

0.76 

1.01 

2.41 

2.01 

261 

261 

DROGUE  SLUG  FIRING 

NONE 

- 

2.01 

3.5 

2.00 

2.00 

DROGUE  LINE  STRETCH 

NONE 

06 

260 

3.7 

2.3 

26 

DROGUE  INFLATED 

NONE 

1.15 

2.40 

4.00 

2.40 

2.4 

DROGUE  STAGING  (FIRST) 

NONE 

06 

NONE 

NONE 

- 

- 

DROGUE  STAGING  (SECOND) 

NONE 

16 

NONE 

NONE 

- 

- 

DROGUE  RELEASE 

NONE 

1.4 

4.10 

660 

365 

365 

PARACHUTE  DEPLOY 

1.78 

1.4 

4.10 

660 

365 

365 

PARACHUTE  LINE  STRETCH 

260 

36 

460 

760 

460 

4.6 

PARACHUTE  FIRST  OPEN 

2.60 

46 

4.90 

760 

4.70 

4.7 

PARACHUTE  FINAL  OPEN 

2.75 

46 

560 

8.00 

5.10 

5.1 

PARACHUTE  VERTICAL 

- 

- 

860 

- 

GROUNO  CONTACT 

17$7«014W 

6.75 

56 

9.00 

1160 

8.00 

__ 

8.0 
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seat  pan.  Activation  of  boom  extension  is  programmed  for  clearing  the  wind¬ 
shield  bow .  Fully  extended ,  the  wedge  creates  a  protective  air  envelope  by 
deflecting  the  air  blast.  The  protective  envelope  has  a  lower  drag  profile  which 
results  in  a  lower  rate  of  deceleration  and ,  therefore ,  lower  G  loads  on  the  man . 
Dual  aerodynamic  control  surfaces ,  stowed  on  the  sides  of  the  seat ,  are  extended 
at  the  time  of  aircraft  separation  for  stabilization  of  the  seat  /man  mass.  The 
weight  of  the  wedge  contributes  to  improved  pitch  stability  by  moving  the  CG 
of  the  seat  /man  mass  forward. 

The  deflection  wedge  -  upright  concept  was  initially  considered  to  have  good 
potential  as  a  solution  to  the  high  speed  air  blast  problem ,  and  incorporates  a 
curve  track  variation  to  move  the  seat /man  mass  from  normal  reclined  position 
(65°)  to  an  upright  separation  position  (34°).  Extraction  from  under  the  instru- 
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ment  panel  is  facilitated  and  pressurized  cockpit  volume  is  minimized  by  the  aft 

varying  upward  transition.  Although  G  levels  are  tolerable  during  the  transition, 

entrance  to  the  air  stream  is  accompanied  by  high  deceleration  G  (eyeballs -out) 

2 

resulting  from  the  large  frontal  area  (8.6  ft  )  of  this  concept.  The  need  for 
ballast  in  the  wedge  and  the  acceptability  of  deployable  wings  for  stabilization 
is  subject  to  further  investigation  with  respect  to  the  application  of  drogue 
chutes  and/or  thrust  vector  control.  In  addition  to  projected  pitch  and  yaw 
stability  problems ,  the  combined  size ,  weight ,  and  complexity  imposed  by  the 
extendible  wedge  and  stabilizer  present  a  significant  penalty. 

3.1.2  Deflection  Wedge  -  Recline 

In  this  concept,  the  seat /man  is  moved  from  the  normal  reclined  (65°)  posi¬ 
tion  to  an  aircraft  separation  (4°)  position,  resulting  in  a  larger  cockpit  because 
of  the  predominantly  aft  direction  of  the  seat /man  boost.  The  rotational  force 
imposed  by  this  transition  will  apply  a  moderate  bending  moment  to  the  catapult/ 
track  subsystem.  The  G  levels  are  tolerable  during  the  transition  and  entrance 
to  the  air  stream  produces  deceleration  G  (eyeballs- down)  minimized  by  the 
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small  frontal  area  (4.1  ft  ).  Adequate  restraint  and  soft  tissue  injury  prevention 
after  separation  are  considered  difficult  tasks.  The  comments  on  the  deflection 
wedge  -  upright  concept,  regarding  the  wedge  and  stabilizer,  also  apply  to  the 
recline  concept. 

3.1.3  Tractor  Rocket 

An  independent  rocket  motor  installation,  including  the  motor,  a  catapult 
mechanism,  and  pendant  line  interface,  is  located  on  the  aircraft  centerline  aft 
of  the  seat  headrest  (Figure  3-3) .  The  initiation  of  rocket  motor  catapult  precedes 
the  seat  catapult  initiation.  Pendant  lines  are  routed  (stowed)  to  ensure  clear 
deployment  on  separation  of  rocket  from  the  aircraft  and  the  seat . 
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The  principal  claims  for  rocket  extraction  systems  are:  low  mass,  low 
initial  pilot  acceleration ,  and  inherent  stability  of  the  man  trailing  behind  the 
tractor  rocket .  Because  the  extracted  mass  is  lower  than  that  of  a  conventional 
seat ,  it  may  also  be  argued  that  limb  flailing  is  reduced .  However ,  when  applied 
to  a  pilot  in  a  reclined  seating  posture ,  many  of  these  advantages  are  likely  to 
disappear. 

If  the  initial  loads  are  maintained  at  the  levels  claimed  for  existing  extractor 
systems  and  are  applied  in  line  with  the  seat  back ,  it  is  almost  inevitable  that  the 
extracted  man  will  impact  the  aircraft  vertical  fln.  To  gain  an  acceptable  tra¬ 
jectory  would  require  the  initial  rocket  force  to  be  applied  almost  normal  to  the 
seat  back.  With  a  long  arm  between  the  center  of  mass  of  the  man  and  the  line 
of  action  of  the  force,  very  high  pitching  acceleration  would  be  produced.  Apart 
from  the  harmful  physiological  effects  such  rotations  may  have  on  the  man ,  there 
is  also  likely  to  be  interference  between  the  man  and  the  cockpit  structure  during 
separation. 

In  addition ,  the  stability  of  the  tractor  deteriorates  at  speeds  above  350 
knots,  making  achievement  of  a  satisfactory  trajectory  difficult  and  uncertain. 
Coupled  with  the  possibility  of  aircraft  roll  at  the  time  of  separation,  the  extrac¬ 
tion  force  could  develop  a  lateral  component. 

3.1.4  Shield /Canopy 

System  activation  initiates  seat  catapult  and  body  /limb  restraint  functions. 
The  track  and  roller  system  guides  the  seat  to  an  interface /interlock  position 
parallel  to  the  canopy  longeron  (sijl).  Fairing  panels  are  deployed  or  inflated 
between  the  sides  of  the  seat  and  the  longerons  (Figure  3-4).  A  windshield/ 
canopy/seat  interlock  is  activated  and  shield /canopy  jettison  is  initiated.  Infla¬ 
tion  of  a  fairing  panel  between  the  windshield  and  the  seat  coincides  with  air¬ 
craft  (glareshield)  clearance.  Stabilization  is  achieved  by  an  attitude  sensing 
system  which  transmits  vector  correction  signals  to  a  gim balled  rocket  motor. 
Primary  stabilization  is  supplemented  with  the  programmed  deployment  of  a 
drogue  parachute.  Shield  /canopy  -  seat /man  separation  precedes  seat -man 
separation  and  is  initiated  under  drogue  influence. 

The  shield /canopy  concept  incorporates  features  that  enhance  high  speed 
escape.  The  seat /man  mass  is  moved  from  the  normal  reclined  (65°)  position  to 
an  interface  position  parallel  to  the  canopy  longeron  (0°)  for  engagement  and 
Interlock.  The  transition  continues  through  ballistic  severance  of  windshield/ 
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~  "™~  ~~  ~  Figure  3-4.  ShMd/Canopy  Concapt 


canopy  to  a  nose-up  position  (20°)  for  final  separation  from  the  aircraft.  The 
shield/canopy  provides  wind  blast  protection  which  eliminates  the  limb  flail 
problem.  The  configuration  resulting  from  the  integration  of  the  seat,  canopy, 
and  windshield  minimizes  the  magnitude  of  deceleration  forces  and  facilitates  tail 
clearance.  The  disadvantages,  however,  are  significant.  The  integration  of  the 
seat ,  windshield ,  canopy ,  and  closure  fairing  as  an  ejectable  assembly  makes 
this  concept  extremely  complex  and  heavy.  The  drogue  parachute  system  re¬ 
quires  additional  staging  to  implement  separation  of  canopy  and  seat  and  sub¬ 
sequently  seat  and  man.  Forceful  separation  may  be  necessary  to  preclude  in¬ 
jury  to  the  pilot.  The  time  delays  involved  in  positioning  the  pilot,  forming  the 
seat  /shield  /canopy  assembly,  and  subsequently  extracting  the  pilot  from  the 
seat  /shield  /canopy  seriously  compromise  the  low  altitude  /adverse  attitude 
capability. 

3.1.5  "B"  Seat  Variant 

Lower  limb  restraint  or  retraction  is  time  delayed  to  clear  the  instrument 
panel,  and  coincides  with  the  inflation  of  a  nose  cone  enveloping  the  forward  end 
of  the  seat  (Figure  3-5).  Stabilization  is  provided  by  the  tailboom  assembly  con- 
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sisting  of  two  tubular  telescoping  sections  located  in  the  outboard  corners  of  the 
backrest  support  structure.  Extension  of  the  booms  is  programmed  for  aircraft 
clearance.  A  drogue  parachute  supplements  primary  stabilization  and  implements 
seat-man  separation. 

The  "B"  seat  variant  concept  uses  a  protective  windblast  shield  and  extend¬ 
ible  booms  for  inflight  stabilization.  The  seat /man  mass  is  moved  from  the  normal 
reclined  (65°)  position  to  the  separation  (0°)  position.  During  the  transition,  the 
lower  limbs  are  retracted  and  the  windblast  shield  deployed.  The  blast  shield 
constrains  the  lower  limbs  to  the  center  of  the  seat  and ,  on  separation  from  the 
aircraft ,  diverts  the  air  stream .  Deployment  of  the  stabilization  booms  must  oc¬ 
cur  at  a  critical  point  in  the  escape  sequence  in  as  much  as  both  seat /man  mass 
attitude  control  and  tail  clearance  are  conflicting  requirements.  The  substitution 
of  an  inflatable  aft  fairing  for  the  stabilization  booms ,  which  would  reduce  com¬ 
plexity  with  some  added  risk,  appears  to  merit  further  consideration. 

3.1.6  Curved  Track 

The  system  conforms  to  the  previous  general  description  except  that  stabiliza¬ 
tion  is  achieved  by  an  attitude  sensing  device  that  transmits  vector  correction 
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signals  to  a  gimballed  rocket  motor  (Figure  3-6).  A  drogue  parachute  supplements 
primary  stabilization  and  implements  seat-man  separation. 

This  concept  moves  the  seat /man  mass  from  the  normal  recline  (65°)  to  the 
separation  (0°)  position,  without  interference  with  the  instrument  panel  or  any 
other  part  of  the  cockpit,  after  canopy  jettison.  The  cockpit  is  sized  to  accom¬ 
modate  the  aft /upward  direction  traversed.  The  rotational  force  imposed  by 
this  transition  will  apply  a  moderate  bending  moment  to  the  catapult /track  sub¬ 
system.  Tolerable  G  levels  are  expected  during  the  transition,  and  entrance 

to  the  airstream  is  accompanied  by  minimal  deceleration  G  (eyeballs-down)  re- 

2 

stilting  from  the  small  frontal  area  (3.8  ft  ). 

3.1.7  Supine  Concept 

Several  variations  of  the  supine  concept  were  configured  and  evaluated. 

The  variations  (Figure  3-7)  are  reflected  in  the  disposition  of  the  windshield 
and  instrument  panel  assembly  and  the  seat  /man  mass .  They  are  identified  as : 
the  hinged  windshield  /panel;  the  tracked  windshield /panel;  and,  the  jettison 
windshield/  panel.  The  variations  were  evaluated  (Table  3-2)  in  terms  of  weight , 
volume,  and  complexity,  with  lowest  score  indicating  preferred  variation. 


Figure  34.  Curved  Track  Concept 
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Fifur*  3-7.  Supim  Cotwapt 


TABLE  3-2.  CONCEPT  EVALUATION  {Rating:  1  -  Excailant;  2  -  Good;  3  -  Pair;  4  -  Poor) 


HINGED 

TRACKED 

JETTISON 

FACTO* 

WINDSHIELD 

WINDSHIELD 

WINDSHIELD 

A  PANEL 

A  PANEL 

A  PANEL 

WEIGHT 

2 

3 

2 

VOLUME 

2 

2 

1 

COMPLEXITY 

2 

3 

1 

TOTAL 

6 

8 

4 

1 7S7-022W 

The  primary  activation  control  for  the  jettison  windshield /panel  concept 
instantaneously  initiates  canopy  /bow  interlock,  instrument  panel  services  guil¬ 
lotine,  and  body /limb  restraint  functions.  The  windshield,  instrument  panel, 
and  canopy  are  jettisoned  and  the  seat  catapult  positions  the  seat  /man  mass  for 
separation  and  free  flight.  Stabilization  is  achieved  by  an  attitude  sensing  de¬ 
vice  which  transmits  vector  correction  signals  to  a  gimballed  rocket  motor.  Other 
system  features  are  consistent  with  the  previous  general  description. 

This  concept  moves  the  seat /man  mass  directly  upward  with  no  aft  motion. 

A  small  rotational  change  (25°  to  0°)  to  attain  the  optimum  aircraft  separation 
attitude  is  required  as  the  windshield /canopy /instrument  panel  are  jettisoned. 
Since  ejection  forces  are  applied  normal  to  the  fully  supported  spine ,  higher 
accelerations  are  possible  without  injury  to  the  crew ,  thereby  reducing  recovery 
time.  Development  would  be  expensive,  although  significant  increase  in  G  toler¬ 
ance  could  be  achieved. 

3.2  HUMAN  FACTORS 

The  acceleration  environment  experienced  by  the  pilot ,  prior  to  separation 
from  the  aircraft ,  is  generated  by  the  catapult  force  and  track  path  on  initiation 
of  escape.  The  condition  varies  with  respect  to  the  unique  design  features  of 
each  particular  escape  system.  Since  the  catapults  are  not  sized  at  this  point 
in  the  study,  the  effect  of  acceleration  forces  on  the  pilot  is  indeterminate. 

On  separation  from  the  aircraft ,  high  speed  wind  blast  causes  differential 
drag  forces  which  induce  relative  motion  of  limbs  and  torso,  resulting  in  flail 
injury  when  inadequate  protection  and  restraint  is  provided.  TheMSLPC  escape 
concepts  feature  inflatable  elements  for  protection,  restraint,  and/or  contain¬ 
ment  to  minimize  susceptibility  to  flail  injury.  The  time,  thrust,  and  attitude 
variables  applied  for  free  flight  analysis  have  a  direct  affect  on  acceleration 
force  vectors  and,  therefore,  the  physiological  acceptability  of  the  free  flight 
environment  is  addressed  in  the  escape  concept  analysis  presented  in  Section  IV. 
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In  all  escape  concepts ,  the  pilot  is  adversely  affected  during  crash  condi¬ 
tions.  The  recline  angle  subjects  the  pilot  to  spinal  (eyeballs-down)  accelera¬ 
tions  which  are  not  contained  by  the  seat  pan. 

3.3  AIR  VEHICLE  INTERFACE 

The  variations  in  the  candidate  escape  system  concepts  impose  significant 
differences  in  the  air  vehicle  interface.  The  sizing  and  configuration  of  a  cock¬ 
pit  to  accommodate  a  particular  emergency  escape  concept  and  the  incorporation 
of  provisions  for  normal  ingress  /egress  are  not  necessarily  complementing 
requirements. 

3.3.1  Cockpit  Size 

The  size  of  the  cockpit  pressurized  volume  is  directly  related  to  the  path 
followed  by  the  seat  /man  mass  in  separating  from  the  aircraft.  The  rearward 
path  of  the  curved  track  concept  results  in  a  long  cockpit  with  a  large  volume , 
and  the  upward  path  of  the  supine  concept  results  in  a  short  cockpit  with  a  small 
volume  (Figure  3-8).  A  comparison  of  significant  sizing  parameters  for  the  can¬ 
didate  escape  concepts  is  shown  in  Table  3-3. 
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TABLE  3-3.  COCKPIT  SIZE  DATA 


ESCAPE  CONCEPT 

VOLUME, 

FT3 

PROFILE 

AREA, 

FT3 

SURFACE 

AREA, 

FT3 

DEFLECTION  WEDGE-UPRIGHT 

46.6 

20.1 

79.2 

DEFLECTION  WEDGE-RECLINE 

51.6 

22.5 

85.4 

TRACTOR  ROCKET 

51.6 

22.5 

85.4 

SHIELD/CANOPV 

51.6 

22.5 

85.4 

•B"  SEAT  VARIANT 

51.6 

22.5 

85.4 

CURVED  TRACK 

51.6 

22.5 

85.4 

SUPINE  CONCEPT 

42.6 

17.8 

75.8 

17E7-024W 

3.3.2  Ingress  /Egress 

Ingress  /egress  for  the  MSLPC  would  be  extremely  difficult  without  some 
integral  aid  mechanism.  The  problem  is  essentially  one  of  moving  the  pilot  out 
from  under  the  instrument  panel  or  moving  the  instrument  panel  away  from  the 
pilot.  In  any  case,  effective  solutions  are  dependent  upon  compatibility  with 
the  unique  features  of  a  particular  escape  concept.  For  example,  ingress/ 
egress  for  the  curved  track  concept  would  take  advantage  of  the  existing  track 
and  roller  system ,  and  independently  drive  the  seat  aft  to  a  position  which  per¬ 
mits  knee  clearance  with  respect  to  the  instrument  panel  (Figure  3-9).  Ingress/ 
egress  for  the  supine  concept  would  be  facilitated  by  a  forward  hinged  windshield 
canopy,  and  instrument  panel  assembly  that  is  raised  sufficiently  to  provide  knee 
clearance.  In  both  examples,  the  pilot  would  then  slide  over  the  sill  with  the 
assistance  of  hand  grips .  Selection  of  the  procedure  and  implementation  of  in¬ 
gress/egress  for  MSLPC  is  deferred  to  the  selection  of  a  preferred  escape  sys¬ 
tem  concept. 

3.4  WEIGHT  AND  MASS  PROPERTIES 

The  CG  and  moment s-of-inertia  (M  of  I)  for  each  escape  concept  (Table 
3-4)  are  established  for  the  seat /man  mass  situated  at  aircraft  separation  in  a 
free  flight  environment  with  the  seat  back  tangent  line  parallel  to  the  aircraft 
longitudinal  axis  (Appendix  A).  A  baseline  seat/man  system  was  established  to 
provide  a  standard  for  evaluating  the  MSLPC  escape  concepts.  In  addition,  a 
systematic  means  to  adjust  the  crew  weight  and  furnishings  and  equipment 
parameters  in  the  Computerized  Initial  Sizing  Estimate  (CISE)  program  was  de- 
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Figure  3-9.  MSLPC  tngrm/EpMi 


TABLE  3-4.  WEIGHT  AND  MASS  PROPERTIES  (95th  Parcantil*  Pilot) 


EJECTED 

CO 

M  OF  1  (SLUG  FT2) 

ESCAPE  CONCEPT 

WT,  LS 

2 

~  5 re 

YY 

22 

XZ 

DEFLECTION  WEOGE  <U) 

S23.0 

n 

- 

- 

- 

- 

- 

DEFLECTION  WEDGE  <R> 

S23.0 

2.8 

6.99 

30.89 

30.73 

-1.04 

TRACTOR  ROCKET 

493  B 

2.6 

4.4 

6.42 

24.00 

25.04 

-0.70 

"B"  SEAT  VARIANT 

505.9 

3.5 

3.6 

6.75 

27.68 

27.98 

-1.53 

CURVED  TRACK 

487.3 

3.6 

3.8 

6.80 

24.23 

24.54 

-0.53 

SHIELO/CANOPY 

609.0 

2.1 

5.8 

15.31 

38.96 

58.84 

0.18 

SUPINE  CONCEPT 

17$7-02«W 

487.3 

2.6 

3.8 

6.80 

24.23 

24.54 

—0.53 

_ 

rived  to  ensure  consistency  within  the  aircraft  configuration  estimates  and  can¬ 
didate  escape  system  comparison.  The  CISE  program  (refer  to  Section  V)  is  a 
computerized  methodology  employed  as  a  sizing  and  screening  process ,  and  a 
rapid  procedure  for  conducting  trade  studies . 


3.4.1  MSLPC  Baseline  Escape  System  Weight 


Since  the  most  critical  weight  is  the  95th  percentile  crewman  with  winter 
clothing  and  equipment  (Appendix  A) ,  the  baseline  was  configured  to  reflect 
these  weights.  A  baseline  escape  system  weight  summary  was  established  as 
follows : 


Crew  Weight,  Lb 

1-Crew  (95th  percentile)  210.8 

personal  equipment  (Appendix  A)  43.2 

Parachute  (AFSC-DH-2-1)  25.0 

Furnishings  and  Equipment  Weight,  Lb 

Survival  Kit  (F— 15)  38.0 

Seat  (F-14)  186.6 

Misc  Equipment  53.4 


MSLPC  Baseline  Escape  System  Weight,  Lb 


279 


278.0 

557.0 
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3.4.2  Derivation  of  CISE  Inputs 


The  CISE  program  accounts  for  total  crew  station  weight  in  terms  of  number 
of  crewmen,  crew /equipment  weight,  and  furnishings  and  equipment  weight.  All 
concepts  have  one  crewman.  Crew /equipment  consists  of  the  pilot,  parachute,  and 
personal  gear.  Crew  /equipment  weight  for  the  MSLPC  baseline  and  other  escape 
system  concepts  are  shown  in  Table  3-5. 

Furnishings  and  equipment  weight  (Table  3-6)  consists  of  the  seat,  sur¬ 
vival  kit ,  and  miscellaneous  equipment  such  as  instrument  panels ,  consoles ,  and 
soundproofing.  A  weight  summary  for  the  escape  concepts  is  shown  in  Table  3-7. 

3.5  ESCAPE  CONCEPT  EVALUATION 

The  initial  evaluation  of  the  escape  system  concepts  involved  a  ranking 
(Table  3-8)  in  terms  of  aircraft  hardware  complexity,  escape  system  hardware 


TABLE  3-5.  CREW/EQUIPMENT  WEIGHT.  LB 


ESCAPE  CONCEPT 

PILOT. 

98% 

PARACHUTES 

PERSONAL 

GEAR. 

98% 

TOTAL 

MSLPC  BASELINE 

210.8 

28.0 

43.2 

279.0 

DEFLECTION  WEDGES 

210.8 

20.0 

43.2 

274jD 

TRACTOR  ROCKET 

210.8 

20.0 

43.2 

274.0 

SH 1 E  LD/CANOP  V 

2103 

28.0 

43.2 

282.0 

"9"  SEAT  VARIANT 

210.8 

19.0 

43.2 

273.0 

CURVED  TRACK 

21  OS 

27.0 

43.2 

281.0 

SUPINE  CONCEPT 

210.8 

27.0 

43.2 

281.0 

1797427W 

TABLE  3-B.  FURNISHINGS  AND  EQUIPMENT  WEIGHT.  LB 


ESCAPE  CONCEPT 

SEAT 

SURVIVAL  KIT 

MI8C 

EQUIPMENT 

TOTAL 

MSLPC  BASELINE 

186.8 

38.0 

S3.4 

278.0 

DEFLECTION  WEDGE 

211.0 

38.0 

53.4 

302.4 

TRACTOR  ROCKET 

181  a 

38.0 

534 

273.2 

SHIELO/CANOPY 

174.0 

38.0 

53-4 

285.4 

"9"  SEAT  VARIANT 

199.7 

43-2* 

53.4 

2863 

CURVED  TRACK 

1883 

38.0 

53.4 

259.7 

SUPINE  CONCEPT 

168.3 

38.0 

53.4 

288.7 

•DERIVED  FROM  CONVAIR  REPORT  DATA,  REFERENCE  9 

1747-Q24W 
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TABLE  3-7.  ESCAPE  CONCEPTS  WEIGHT  SUMMARY,  LB 


MSLPC 

TRACTOR 

CURVED 

— 

DEFLECTION 

SHIELD/ 

— 

SUPINE 

COMPONENTS 

BASELINE 

ROCKET 

TRACK 

WEDGE 

CANOPY 

ESI 

CONCEPT 

SEAT 

(186.6) 

(181.81 

(168.3) 

(211.0) 

(174.0) 

1189.7) 

(168.3) 

ROCKET 

195 

22.0 

19.5 

21.0 

21.0 

20.5 

19.5 

PROPELLANT 

6.3 

6.0 

6.5 

7.0 

12.0 

10.5 

6.5 

SEAT  STRUCTURE 

119.3 

116.8 

108.3 

94.0 

64.0 

91.7 

108.3 

HARNESS  RETRACTOR 

5.0 

5.0 

5.0 

3.0 

5.0 

HARNESS,  BELT.  & 

14.0 

14.0 

14.0 

14.0 

14.0 

14.0 

14.0 

CUSHIONS 

SEAT  MECHANISM 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

BOOST  INTERFACE 

- 

- 

- 

40.0 

- 

- 

1NIT  A  SEQUENCING 

tor 

10.0 

: 

7.0 

10.0 

10.0 

7.0 

stabil,  wedge,  a 

- 

- 

55.0 

- 

32.0 

- 

BOOM 

■  I 

SURVIVAL  KIT 

(38.0) 

(38.0) 

(38.0) 

(38.0) 

(38.0) 

(43.2) 

(38.0) 

CREW  WEIGHT 

5  PERCENTILE,  TOTAL 

1185.2) 

(180.2) 

1187.2) 

(180.2) 

(188.2) 

1179.2) 

(187.2) 

96  PERCENTILE,  TOTAL 

(279.0) 

(274.0) 

(281.0) 

(274.0) 

(282.0) 

(273.0) 

(281.0) 

5  PERCENTILE  PILOT 

140.2 

140.2 

140.2 

140.2 

140.2 

(140.2) 

140.2 

96  PERCENTILE  PILOT 

210.8 

210.8 

210.8 

2108 

210.8 

210.8 

210.8 

DROGUE 

5.0 

NONE 

7.0 

NONE 

8.0 

4.0 

7.0 

RECOVERY  PARACHUTE 

20.0 

20.0 

20.0 

20.0 

20.0 

15.0 

20.0 

PERSONAL  EQUIP,  5% 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

PERSONAL  EQUIP.  95K 

43.2 

43.2 

43.2 

43.2 

43.2 

43.2 

43.2 

CANOPY/WINDSHIELD 

- 

- 

- 

- 

(115.0) 

- 

- 

TOTAL  EJECTED  WT,  5X 

4098 

400.0 

393.5 

429.2 

515.2 

412.1 

393.5 

TOTAL  EJECTED  WT,  96X 

503.6 

493.8 

487.3 

523.0 

609.0 

505.9 

487.3 

17S7-029W 

complexity,  size,  cost,  and  risk.  Each  concept  is  represented  by  significant 
sizing  and  functional  elements  which  are  rated  as  low ,  moderate ,  high ,  or  ex¬ 
treme  with  respect  to  their  penalizing  effect  on  MSLPC .  A  low  score  reflects  a 
small  penalty;  a  high  score  reflects  a  large  penalty. 

A  separate  performance  ranking  is  shown  on  Table  3-9  with  parameters 
rated  excellent ,  good ,  fair ,  or  poor  with  respect  to  their  beneficial  effect  on 
MSLPC.  A  low  score  indicates  a  large  performance  benefit;  a  high  score  indi¬ 
cates  a  small  performance  benefit.  Although  free  flight  analyses  of  several 
escape  concepts  were  subsequently  conducted,  the  initial  performance  ranking 
reflected  projected  capabilities  based  on  the  established  performance  of  extrac¬ 
tion  and  ejection-type  escape  systems  currently  used  or  previously  tested.  As 
a  result  of  this  evaluation,  the  following  MSLPC  escape  system  concept  conclu¬ 
sions  can  be  made. 

3.5.1  Conclusions 

3.5. 1.1  Deflection  Wedge  -  Upright  and  Recline  -  These  concepts  are  considered 
to  have  poor  potential  due  to  inherent  complexity  which  would  be  compounded  by 
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TABLE  3-4.  ESCAPE  CONCEPTS  CONFIGURATION  TRADEOFF 
(Rating:  1  -  Low;  2  “  Modorata;  3  -  Hi0t;  4  •  Extremal 


DEFLECTION  WfOGC 

TRACTOR 

SHIELD/ 

“f  HAT 

ESI 

SUPINE 

CONCEPT 

UPRIGHT 

RECLINE 

ROCKET 

CANOPY 

VARIANT 

AIRCRAFT  HARDWARE  COMFLEXlTY 

■■■1 

■81 

■ 

AIRCRAFT  CANOPY 

B, 

•'"Bb 

INSTRUMENT  PANEL 

PBr*l 

^^Bn^BU 

3IB3^^B 

SOOST/PAE  POSITIONING 

HWi 

BBIIBiPl 

■A 

Sf  AT/ACFT  INTERFACE  STRUCTURE 

I^KriBpij 

fla 

CANOPY  THRUSTERS 

BBt’wB"?'? 

COCKPIT  SIZE 

IBB  81 

^■nBI 

^Br'1Bk:I 

WINDSHIELD  JETTISON 

flj  K 

i^IBn^Bl 

S^Bhs^HI 

INSTRUMENT  PANEL  JETTISON 

H 

wM 

■■■ 

BJ^H 

BSH 

TOTAL 

« 

27 

BUB 

11 

BKl^B 

ESCAPE-SYS  HARDWARE  COMPLEXITY 
tOOMS/wlCKjE 

M 

■■ 

mm 

■ 

M 

PROTECTIVE  BUCKET 

4 

DROGUE/ST  ABIUZER 

^b 

■■ 

IBI^B 

ROCKET/THRUST  VECTORING 

"^Bn^B 

afl 

io^Bn^Br 

BKdB^. 

SBn^n 

RESTRAINT 

BK  «■ 

■w 

^B^BI 

j^^BraBs 

SEAT  POSITIONING/SEPARATION 

j^B£ 

Kk 

KdiBi 

TRACKS 
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TABLE  3-9.  ESCAPE  CONCEPT  PERFORMANCE  TRADEOFF 
(Rating:  1  -  Excall  ant;  2  ■  Good;  3  -  Fair;  4  -  Poor) 
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the  solution  to  deployment  and  stability  problems;  therefore,  no  further  effort 
is  recommended. 

3. 5. 1.2  Tractor  Rocket  -  This  concept  is  considered  to  have  poor  potential  due  to 
inadequate  high  speed /high  G  capability;  therefore,  no  further  effort  is 
recommended. 


3. 5. 1.3  Curved  Track  -  Further  development  of  limb  restraint  and  containment 
is  required  for  high  G  and  crash  conditions.  This  concept  is  considered  to  have 
good  potential  and  further  development  is  recommended. 

3. 5. 1.4  Shield /Canopy  -  This  concept  offers  fine  air  blast  protection  at  the 
price  of  complexity.  Performance  is  questionable  in  adverse  attitude,  roll,  and 
spin  conditions.  The  additional  complication  of  extracting  the  crewman  from  the 
shield /canopy /seat  in  free  flight  makes  a  multi-mode  system  mandatory.  This 
concept  is  considered  to  have  poor  potential. 

3. 5. 1.5  "B "  Seat  Variant  -  In  this  concept,  penalties  are  complexity  (boom 
stabilizers)  and  a  long  time  for  aircraft  separation;  consequently,  this  concept 
is  considered  to  have  poor  potential. 

3.5.1.6  Supine  Concept  -  This  concept  provides  a  clear  upward  (eyeballs-in) 
ejection  path  from  within  the  smallest  cockpit  volume.  Some  of  the  inherent  com¬ 
plexity  will  be  necessary,  in  any  case,  to  satisfy  the  normal  MSLPC  ingress/ 
egress  requirements  and,  therefore,  should  not  be  considered  a  seve.e  penalty. 
However,  further  invesdgation  is  necessary  to  determine  the  impact  of  cockpit 
turbulence  after  the  windshield  and  panel  have  been  jettisoned.  This  concept 

is  considered  to  have  good  potential. 
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IV.  ESCAPE  CONCEPT  ANALYSIS 

A  series  of  multl-degree-of-freedom  digital  in-house  computer  programs 
have  been  developed  to  address  the  design  and  analysis  of  various  vehicle  escape 
systems.  The  basic  trajectory  program  (A280  Ejection  Seat  Escape  System)  was 
used  to  assess  the  potential  of  MSLPC  escape  system  concepts.  This  program 
simulates  the  motion  of  several  bodies  relative  to  each  other  and  results  in  the 
establishment  of  a  trajectory  and  corresponding  time  histories  of  the  escape 
sequence  from  time  of  initiation  to  ground  touchdown.  The  modular  construction 
of  A280  facilitated  the  inclusion  of  various  subsystems  into  the  main  program. 

The  systems  modeled  specifically  for  the  MSLPC  study  were: 

•  Thrust  Vector  Control  •  Drogue  Parachute  System 

•  Vertical  Steering  Control  •  Aerodynamic  models  for  each  concept. 

•  Rocket  Thrust  Characteristics 

The  investigation  of  escape  system  concepts  was  conducted  as  a  three-phase 
effort:  1)  a  maximum  performance  evaluation;  2)  an  intermediate  performance 
evaluation;  and,  3)  a  preliminary  design  of  a  preferred  concept. 

The  initial  maximum  performance  evaluation  was  complemented  by  an  analysis 
of  the  aircraft  separation  and  free  flight  of  the  Curved  Track,  ,'B"-Seat  Variant,  and 
Shield/ Canopy  concepts.  In  order  to  expedite  this  effort,  it  was  necessary  to  make 
several  assumptions  with  respect  to  the  trajectory  analysis: 

•  Simulations  were  restricted  to  the  pitch  plane 

•  Aircraft  in  1.0  G  level  flight  for  most  ejections 

•  Aerodynamic  data  were  analytically  derived 

•  Control  laws  were  derived  to  simulate  various  rocket  control  systems 

•  Each  trajectory  was  initiated  at  the  seat  launch  position 

•  Velocities  or  pitch  rates  that  result  from  a  particular  boost  system 
were  disregarded. 
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The  second  phase  describes  and  documents  the  evaluation  of  intermediate 
performance  capability  concepts.  Escape  system  concepts  were  defined  and 
preferred  concepts  were  selected  for  450  KEAS  and  600  KEAS  performance 
envelopes .  Tradeoff  data  were  prepared  for  the  450  KEAS ,  600  KEAS ,  and 
687  KEAS  concepts  for  the  purpose  of  making  a  final  selection  for  further 
development  as  a  preliminary  design. 

The  third  phase  involved  the  performance  evaluation  of  the  preferred  687 
KEAS  concept  in  conjunction  with  the  preliminary  design  effort. 

4.1  AERODYNAMIC  DATA  .DETERMINATION 

Because  applicable  wind  tunnel  data  are  generally  nonexistent,  an  evaluation 
of  the  ejection  performance  of  a  variety  of  escape  concepts  with  different  aero¬ 
dynamic  shapes  requires  an  analytical  means  of  data  definition.  Specifically,  the 
generation  of  pitch  plane  trajectories  requires  aerodynamic  axial,  normal,  and 
pitching  moment  coefficient  data  for  an  angle  of  attack  range  from  0  to  360 
degrees.  A  sufficiently  general  methodology  that  specifically  addresses  complex 
configurations  over  the  speed  range  of  this  study  (0  to  687  KEAS)  was  not  avail¬ 
able.  However,  Grumman’ s  experience  in  high  speed  aerodynamics  has  resulted 
in  the  development  of  several  computer  codes  that  address  the  supersonic  and 
hypersonic  region.  One  of  these,  the  High  speed  Aerodynamic  Prediction  Program 
(HAPP),  appeared  to  be  suitable  for  this  study.  The  HAPP  program  provides 
all-axis  supersonic  (M  2. 5)  to  hypersonic  viscid/inviscid  force  and  moment 
coefficients.  Complex  3-D  configurations  are  treated  at  all  vehicle  attitudes 
using  the  conventional  yaw-pitch  angular  system.  In  addition,  it  supplies  static 
and  dynamic  derivatives,  loads  and  detailed  surface  pressures. 

The  HAPP  computer  code  is  structured  around  the  mathematical 
formulation  of  the  basic  Newtonian  numerical  procedure.  Accordingly,  New¬ 
tonian  estimates  of  pressure  coefficient  require  only  a  knowledge  of  the  local 
flow  incidence  relative  to  the  vehicle  surface,  1.  e.  , 

C  -  2  Sin2  S 
P 
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where  5  is  the  angle  between  the  free  stream  velocity  vector  and  the  local  body 
surface.  The  Newtonian  Theory  has  been  generalized  to  the  empirical  expression, 


r  »  r  “ u 

p  Pref  Sir»25 

In  this  equation  is  the  exact  pressure  coefficient  corresponding  to 

6  a  value  of  local  body  surface  inclination  selected  as  representative  of  the 
ret 

entire  body.  For  a  blunt  body  Cp^  becomes  the  stagnation  pressure  coef¬ 
ficient  behind  a  normal  shock.  We  now  have, 


C  -  C  Sin2  6 
P  stag 


where  C_ 

stag 


where  y  and  M  are  the  ratio  of  specific  heats  and  mach  number  respectively. 
To  cover  a  wide  range  of  flight  conditions,  the  Newtonian  equation  has  been 
written  as, 

C  -  K  Sin2  6 
P 


where  the  factor  K ,  is  an  empirical  Mach  dependent  relation  derived  from  data 
correlations  of  simple  shapes  over  a  wide  Mach  range.  In  this  study,  a 
Newtonian  coefficient,  K,  value  of  1. 463  was  used,  which  was  obtained  by  sub¬ 
stituting  1.  5  for  the  Mach  number  in  the  expression  for  the  stagnation  pressure 
coefficient. 


Before  aerodynamic  data  were  generated  for  tbe  seat  concepts,  a  validation 
effort  was  conducted  to  verify  that  the  data  generated  by  HAPP  was  appropriate 
to  the  speed  range  of  this  study.  This  was  done  by  modeling  a  seat  for  the  HAPP 
program  for  which  data  were  already  available.  The  resulting  predictions  from 
the  HAPP  program  were  then  compared  to  tbe  wind  tunnel  results  at  a  representa¬ 
tive  Mach  number. 


The  wind  tunnel  data  used  for  this  comparison  were  obtained  from  Ref.  10 , 
and  were  based  on  a  half-scale  conventional  escape  seat.  The  Mach  number 
chosen  for  the  comparison  was  1. 5,  which  was  the  upper  Mach  limit  of  the  wind 
tunnel  data. 
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A  comparison  of  the  wind  tunnel  model  and  the  corresponding  modeling 
geometry  used  in  the  HAPP  program  is  shown  in  Figure  4-1 ,  a  data  comparison 
is  shown  in  Figure  4-2  and  tables  in  Appendix  B.  Surprisingly  good  correspon¬ 
dence  was  obtained  for  the  coefficient  data  with  both  peak  values  and  crossover 
points  agreeing  very  closely.  No  additional  effort  was  expended  beyond  this 
point  to  Improve  the  data  correlation  by  a  more  detailed  modeling  of  the  seat 
geometry  or  variations  in  the  aerodynamic  pressure  laws. 
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Figure  4*2.  Correlation  of  Math  Model  with  Wind  Tunnel  Reautts 
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On  the  basis  of  this  comparison,  data  was  derived  for  the  curved  track 
concept,  the  "B"  seat  variant  concept  and  the  shield/canopy  concept.  Each 
concept  was  provided  with  a  modeling  geometry  (Figure  4-3)  for  the  HAPP 
program.  The  aerodynamic  data  for  all  seats  was  generated  at  only  one  Mach 
number  (15)  and  used  throughout  the  Mach  number  range  in  this  study.  The 
variations  in  the  data  due  to  Mach  number  were  not  expected  to  alter  the 
results  of  the  study  significantly. 


Figure  4*3.  Concept  Geometry,  Aerodynamic  Model,  Side  View 
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4.2  ROCKET  CONTROL  SYSTEMS 

4.  2. 1  Thrust  Vector  Control  i 

An  idealized  Thrust  Vector  Control  (TVC)  system  was  devised  as  an  on-line 
control  for  those  escape  concepts  lacking  sufficient  aerodynamic  stability  with  a 
fixed  seat  rocket.  TVC  was  applied  in  the  high  dynamic  pressure  region 
(q  =  1600  psf)  of  the  escape  envelope,  because  of  the  larger  destabilizing 
aerodynamic  forces  and  moments  acting  on  the  seat/man  mass.  In  addition, 
the  need  for  protection  from  wind  blast  and  prevention  of  limb  flailing  dictated 
attitude  positioning  of  the  seat/man  along  the  ejection  trajectory  prior  to  drogue 
deployment.  Wind  blast  protection  was  provided  by  positioning  the  seat  bottom 
facing  into  the  air  stream  along  its  flight  trajectory.  This  was  accomplished 
through  the  control  system  sensing  the  aircraft/seat  attitude  at  ejection  and 
biasing  the  attitude  by  a  prescribed  amount  from  fie  initial  launch  position . 

A  control  model  was  selected  for  the  high  speed  flight  regime  consisting 
of  a  single  axis  attitude  control  in  pitch  with  an  attitude  bias  to  orient  the 
seat/man  relative  to  the  air  stream,  represented  by  the  aircraft's  velocity 
vector.  The  model  was  patterned  after  the  system  described  in  Reference  3 
with  a  glmballed  rocket  motor  to  change  thrust  orientation.  Thrust  movement 
was  restricted  to  a  maximum  deflection  in  fie  seat  pitch  plane  of  ±  20s  and  a 
maximum  deflection  rate  of  ±  700*/sec.  Seat  attitude  and  attitude  rate  informa¬ 
tion  at  initiation  of  ejection  and  during  the  seat/man  flight  was  presumed  to  be 
available  from  sensors  located  on  fie  seat. 

The  feedback  control  law  evolved  from  Reference  3  consists  of  attitude 
feedback  for  pitch  positioning  and  rate  damping  to  provide  seat  stability. 


CONTROL  LAW 


SR '/  [? 


sb)  +  ka<»-  ,c)|  <1. 


A 
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SEAT  DIAGRAM 


X 


NOMENCLATURE 


V 


*  Thrust  deflection  angle; 

T  *  Control  system  time  constant; 
K,  =  Control  system  gains; 

9  *  Seat  pitch  attitude; 

9c  *  Seat  pitch  command  attitude; 

t  -  Time. 


No  attempt  was  made  to  optimize  gains  or  time  constants,  since  the  control 
law  elements  correspond  only  conceptually  to  physical  components.  Values  of 
these  parameters  were  chosen  to  provide  a  dynamic  system  response  representa¬ 
tive  of  the  systems  described  in  Reference  3. 

The  TVC  system  provides  wind  blast  protection  by  maintaining  the  attitude 
existing  at  system  initiation.  Protection  is  required  at  speeds  above  600  KEAS, 
which  is  a  nominal  value  based  on  the  upper  limit  of  conventional  systems.  At 
low  speed  and  low  altitude,  when  the  aircraft  is  in  a  steep  dive  or  roll  condition, 
tills  attitude  positioning  generally  provides  Improved  escape  capability  over  a 
conventional  fixed  seat  rocket.  However,  at  bank  and  dive  angles  beyond  90°,  an 
Improvement  in  escape  capability  is  desirable,  particularly  if  rocket  thrust  times 
of  0.  S  seconds  or  greater  are  used.  To  address  this  escape  region,  a  Vertical 
Steering  Control  (VSC)  was  utilized. 
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4.2.2  Vertical  Steering  Control 


The  purpose  of  a  Vertical  Steering  Control  (VSC)  system  is  to  select  a 
vertical-up  ejection  trajectory  for  an  escape  seat,  irrespective  of  aircraft 
attitude  at  initiation  of  ejection.  The  primary  benefit  of  this  concept  over 
the  TVC  system  derives  from  ejections  at  low  altitude  with  the  aircraft  in 
an  inverted  or  near  inverted  attitude. 

The  Naval  Weapons  Center  (NWC)  China  Lake,  California,  has  implemented 
a  preliminary  version  of  a  VSC  design  and  successfully  demonstrated  the 
feasibility  of  the  concept.  Static  tests  have  been  conducted  which  demonstrated 
controlled  vertical  seeking  maneuvers  from  a  platform-mounted  cockpit  structure 
suspended  from  a  tower.  The  design  consists  essentially  of  a  three-axis  strap- 
down  rate  gyro  sensor  system,  micro  computer,  gimballed  rocket  motor, 
hydraulic  actuators,  servo  valves,  and  hydraulic  and  electrical  power  supplies 
(Reference  8).  The  current  design  required  initialization  with  respect  to 
aircraft  attitude.  The  NWC  provided  a  description  of  this  system.  Including 
vertical  steering  logic,  control  equations,  and  system  parameters  which  were 
the  basis  of  the  model  used  in  this  study.  A  schematic  representation  of  the 
pitch  channel  part  of  the  control  system  showing  Its  main  components  and  the 
corresponding  control  equations,  follows: 


VERTICAL  STEERING  CONTROL  SCHEMATIC  PITCH  CHANNEL 


PITCH  RATE  GYRO 
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Control  Equations 


Control  Parameters  &  Variables 
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4 

qc  =  Seat  body  axis  pitch 

rate  and  pitch  rate 

command,  respectively 

6  =  Seat  rocket  thrust 

R 

deflection  angle 

5  =  Laplace  operator 


The  features  of  the  model  are  conceptual  and  represent  a  preliminary  design. 
The  model  is  sufficiently  representative,  however,  of  a  realistic  configuration  useful 
to  this  study,  notwithstanding  an  identical  existing  but  unused  seat  roll  control 
arrangement.  Since  the  first  phase  of  the  study  was  restricted  to  the  pitch  plane, 
the  vertical  steering  control  logic  was  restricted  to  the  pitch  channel  to  effect 
recoveries  from  an  inverted  attitude  by  means  of  pitch  control  commands.  The 
second  and  third  phases,  however,  effect  recoveries  from  an  inverted  attitude  by 
commanding  seat  roll  and  pitch  responses. 


VSC  can  be  considered  as  an  alternative  to  TVC  at  speeds  below  600  KEAS. 
A  blended  system  combining  the  attributes  of  TVC  and  VSC  is  proposed,  rather 
than  two  separate  systems.  Thrust  vector  deflection  angles,  rates,  and  thrust 
time  history  data  were  the  same  for  both  the  VSC  and  TVC  systems. 


4.3  PERFORMANCE  PROFILE 

The  primary  emphasis  during  the  first  phase  was  directed  toward  the  high 
speed,  high  dynamic  pressure  environment  where  the  escape  problems  were 
considered  to  be  more  critical,  while  the  design  difficulties  were  relatively 
unexplored.  Each  concept  was  investigated  to  identify  such  specific  problems  as: 

•  Collisions  with  parent  aircraft 

•  Stability  affecting  normal  seat  operation 
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•  Excessive  G  forces  on  crewman 

•  Inadequate  protection  from  wind  blast 

•  Minimum  terrain  clearance. 

Problems  involved  in  low  speed  ejections  essentially  concern  the  difficulty 
of  escape  from  an  aircraft  at  low  altitude  in  high  sink  rate  adverse  attitude 
conditions.  These  problems  are  addressed  in  the  investigation  of  a  Vertical 
Steering  Control  system  which  redirects  the  ejection  trajectory. 

4.4  PERFORMANCE  EVALUATION 

4.4.1  Curved  Track  Concept 

To  survive  windblast  in  a  high  dynamic  pressure,  "q"  environment  it  is 
mandatory  that  the  seat  maintains  a  near  positive  flight  attitude  until  a  tolerable 
wind  force  level  has  been  reached  through  deceleration.  The  aerodynamic 
stability  of  the  basic  seat  does  not  alleviate  the  condition  in  that  the  stable 
trim  point  is  approximately  -20".  The  pitching  moment  coefficient  transferred 
to  the  seat  CG  as  a  function  of  the  angle  of  attack  is  shown  in  Figure  4-4. 

It  was  necessary,  therefore,  to  actively  stabilize  the  seat  in  a  positive 
attitude  or  at  worst  a  zero  attitude  throughout  the  flight. 

This  requirement  resulted  in  the  rejection  of  a  fixed  rocket  with  its  thrust 
vector  oriented  through  the  seat  center  of  gravity,  since  it  was  not  capable  of 
providing  the  necessary  attitude  control.  A  rocket  containing  thrust  vector 
control  was  selected  to  fulfill  the  requirements  of  controlling  the  attitude  of 
the  seat,  as  well  as  producing  sufficient  thrust  to  clear  the  aircraft  structure. 

For  the  initial  analysis,  a  rocket  with  a  5000-pound  thrust  level  and  a  0.5-sec¬ 
ond  duration  was  utilized.  The  rocket  thrust  line  was  oriented  30°  forward  of 
vertical  in  anticipation  of  a  position  flight  attitude  of  30°  which  would  then 
direct  the  thrust  vector  in  a  near  vertical  direction.  Two  trajectories  were 
calculated  to  determine  the  rocket  control  capability  to  control  the  seat  at  dif¬ 
ferent  command  attitudes  (Figure  4-5).  This  illustration  shows  the  trajectories 
of  the  seat  relative  to  the  aircraft  for  ejections  at  Mach  2.4,  an  altitude  of 
40,000  feet,  and  a  dynamic  pressure  ("q")  of  1600  psf. 
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VERTICAL  DISTANCE,  FT 


Figure  4-4.  Curved  Track  Pitching  Moment  n  Angle  of  Attack 


Figure  4-6.  Curved  Track  Trajcctorici/Effect  of  Command  Attitude 
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The  trajectories  are  initialized  at  the  launch  position  (time  =  0)  at  which 
.time  the  rocket  begins  thrusting.  The  initial  attitude  of  the  seat  at  time  =  0  is 
zero  degrees  relative  to  the  aircraft.  For  the  first  ejection,  the  rocket  control 
system  command  attitude  attempted  to  maintain  the  zero  degree  attitude,  and  in 
the  second  ejection  a  30°  positive  command  attitude.  Both  trajectories  ade¬ 
quately  clear  the  aircraft  tail,  however,  the  30°  command  attitude  ejection 
pitched  up  uncontrollably  such  that  neither  the  rocket  control  system  nor  a 
4- foot -diameter  drogue  chute  could  check  the  seat  motion.  The  control  system 
was  capable  of  controlling  the  zero  attitude  with  a  slight  negative  drift.  Figure 
4-6  shows  the  pertinent  time  histories  associated  with  the  two  trajectories.  The 
time  histories  of  the  spinal  G  indicate  that  with  the  rocket  thrust  30°  forward  of 
vertical  the  forward  thrust  component  is  instrumental  in  reducing  the  spinal  G 
loads.  At  rocket  burnout,  approximately  0.5  seconds,  the  spinal  G  increase  to 
sustained  levels  above  10  G  due  to  aerodynamic  drag. 

The  G  convention  (Figure  4-7)  used  throughout  the  study  is  an  integral 
part  of  the  basic  computer  simulation  methodology  adopted  initially  to  expedite 
the  calculation  of  aerodynamic  coefficients  for  the  various  escape  concept  con¬ 
figurations.  Because  the  computer  program  was  devised  for  an  upright  ejection 
seat  system ,  the  axial  pitch  plane  references  appear  displaced  90°  when  applied 
to  the  MSLPC  concepts.  Time  constraints  precluded  revision  to  conform  to 
conventional  relationships. 

Figure  4-8  presents  the  time  histories  of  two  ejections  at  Mach  1.2,  an 
altitude  of  7500  feet  and  a  "q"  of  1600  psf.  The  rocket  thrust  for  the 
0.5-second  duration  rocket  was  repeated  and  compared  with  a  2.0-second 
duration  thrust  curve  for  its  effect  on  spinal  G .  As  anticipated ,  the  forward 
thrust  component  was  instrumental  in  reducing  the  spinal  G  to  relatively  low 
levels  throughout  the  rocket  burn.  The  increase  of  spinal  G  at  rocket  burnout 
is  induced  by  the  aerodynamic  drag  produced  by  the  seat  and  inflation  of  the 
stabilization  drogue  chute.  It  was  necessary  to  reduce  the  deceleration  of  the 
seat  drogue  system  such  that  the  spinal  G  remain  at  the  low  levels  experienced 
during  rocket  bum.  This  was  accomplished  by  varying  the  drogue  canopy  sizes 
to  determine  the  maximum  drogue  canopy  required  to  provide  seat  pitch  stabili¬ 
zation.  Figure  4-9  presents  the  results  of  three  ejections  using  a  4-foot, 

3- foot,  and  2- foot  hemisflow  ribbon  canopy.  The  2-foot  canopy  drogue  pro¬ 
vides  adequate  pitch  stabilization  with  minimum  deceleration.  This  size  was 
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Figure  4-S.  Curred  Track  Tima  Hiitorta/Effact  of  Command  Attituda 
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Figure  4-7.  "G"  Convention 

selected  and  utilized  on  all  seat  concepts  for  all  succeeding  ejections.  A  hemis- 
flow  ribbon  drogue  was  selected  as  the  decelerator  because  of  its  superior 
stability  and  inflation  characteristics  at  supersonic  speeds. 

Final  considerations  were  given  to  the  design  of  the  proper  thrust  time 
history  and  Its  effect  on  aircraft  tail  clearance.  Four  ejections  were  run  for 
this  purpose  and  the  resulting  trajectories  are  present  in  Figure  4-10.  The 
thrust  time  histories  used  for  this  study  are  representative  and  consistent  with 
the  capability  of  existing  rocket  technology  development.  It  is  obvious  that  tail 
clearance  is  determined  by  the  thrust  developed  during  the  first  0. 5  second  of 
the  ejection  sequence.  The  curve  corresponding  to  Run  18  provided  adequate 
tail  clearance  and  was  selected  as  the  final  rocket  thrust  schedule  to  be  utilized 
for  this  system. 
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Fifurt  44.  Curvad  Track  Tima  Historiai/Effaet  of  Throat  Duration 
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o  RUN  NO.  9 
O  RUN  NO.  13 
□  RUN  NO.  17 
^RUN  NO.  18 

"Q"  -  1,800  PSF,  MACH  1.2,  ALT  -  7.600  FT 
FITCH  COMMAND  -  0* 
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Figure  4-10.  Curved  Track  Trajeetoriet/Effect  of  Rocket  Thru  it 


The  final  configuration  achieved  as  a  result  of  this  study  consists  of  the 
following} 

•  Zero-degree  exit  attitude 
e  TVC  Rocket 
e  High  impulse  thrust  level 
e  Two-Second  duration  rocket  burn 
e  Rocket  orientation  30*  forward  of  vertical 
e  Zero-degree  attitude  command 
e  Two-foot  hemisflow  drogue  chute. 

A  thrust  orientation  of  approximately  30*  forward  of  seat  vertical  was  found 
to  be  a  convenient  way  of  relieving  spinal  accelerations.  A  more  vertical  orien¬ 
tation  can  be  traded  off  against  improved  tail  clearance  and  reduced  seat  rocket 
thrust  levels  at  high  speeds  or  for  improved  trajectory  height  in  low  altitude 
dives. 
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The  escape  system  performance  for  this  configuration  was  evaluated  by 
calculating  trajectories  at  selected  flight  conditions  throughout  the  envelope. 

The  effects  of  dynamic  pressure  are  illustrated  in  Figure  4-11,  where  trajectories 
are  presented  for  dynamic  pressures  of  1600  psf,  1200  psf,  and  790  psf  at  a 
Mach  number  of  1.  6.  Figure  4-12  shows  the  corresponding  time  histories  for 
each  trajectory.  The  performance  of  the  curved  track  concept  is  satisfactory 
for  these  flight  conditions,  in  that  it  meets  the  following  criteria: 

e  No  collision  with  parent  aircraft 

•  No  stability  problems  affecting  normal  seat  operation 

•  Minimal  G  forces  on  crewman 

•  Adequate  protection  from  high  "q"  windblast. 

4.4.2  "B"  Seat  Variant 


The  "B"  Seat  Variant  concept  relies  primarily  on  extendible  booms  for 
passive  flight  stabilization.  This  eliminated  the  need  for  active  stabilization 


O  RUN  NO.  30.  “O"  -1*00  PSF.  ALT  -32*00  FT.  MACH  1.B 

A  RUN  NO.  21,  “Q”- 1.200  PSF  JLLT -28*00  FT,  MACH  1* 

□  RUN  NO.  22.  "O”  -790  PSF  .  ALT  -  37*00  FT,  MACH  1  * 

17«7-Q4aw _ HORIZONTAL  DISTANCE,  FT _ 

Fifure  4-11.  Curved  Track  Traieetoriet/Dynemie  Praaaura  Variation 
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such  as  the  thrust  vector  control  system.  The  "6"  seat  variant  concept  does 
require  a  seat  rocket  to  assure  adequate  clearance  of  aircraft  structure 
throughout  the  flight  envelope.  A  fixed  rocket  was  configured  for  the  "B"  seat 
which  utilized  a  0.5-second  duration  burn  time  and  a  5000-pound  thrust  level. 
The  rocket  was  oriented  30°  forward  of  vertical  for  the  alleviation  of  spinal  G. 
To  protect  the  crewman  from  the  effects  of  wind  blast ,  an  attempt  was  made  to 
stabilize  this  seat  in  a  positive  flight  attitude .  In  addition ,  the  positive  attitude 
was  expected  to  reduce  spinal  G  loads  on  the  crewman  by  redistributing  the 
deceleration  forces  following  rocket  burnout.  The  first  trajectory  calculation 
was  initiated  with  the  "B"  seat  positioned  in  a  30°  positive  attitude  relative  to 
the  aircraft.  The  aircraft  was  at  Mach  1.2,  an  altitude  of  7500  feet  and  a  "q" 
of  1600  psf  at  the  time  of  ejection.  Figures  4-13  and  4-14  present  the  trajec¬ 
tory  and  time  histories  for  this  run. 

The  trajectory  shows  adequate  tail  clearance;  however,  the  seat  pitches 
down  violently  and  eventually  stabilizes  at  approximately  -10°.  At  rocket  burn¬ 
out  (approximately  0.5  second)  the  seat  is  at  a  zero  pitch  attitude  which  results 
in  a  relatively  high  sustained  spinal  G  loading.  Since  the  fixed  rocket  does  not 
utilize  an  active  control  system ,  the  aerodynamic  trim  point  becomes  extremely 
important  in  determining  the  flight  characteristics  of  the  "B"  seat  variant.  The 


figure  4-13.  **B”  Scat  Variant  Trajaetorv/30°  Exit  Attituda 
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pitching  moment  coefficient  about  the  seat  CG,  as  a  function  of  the  angle  of 
attack,  is  shown  in  Figure  4-15. 

Two  curves  are  presented ,  representing  the  pitching  moment  correspond¬ 
ing  to  the  original  CG  location  (labeled  nominal  CG) ,  and  one  corresponding  to 
a  CG  located  at  the  seat  reference  point .  The  difference  in  CG  location  re¬ 
sulted  in  a  shift  in  the  stable  trim  point  from  -10°  to  +10°.  Trajectories  were 
calculated  for  the  new  CG  location  at  two  exit  attitudes  0°  and  -*-18° .  The  flight 
conditions  for  these  ejections  were  Mach  1.2,  altitude  7500  feet,  and  a  "q"  of 
1600  psf.  The  resulting  time  histories  are  presented  in  Figure  4-16.  Both 
trajectories  trimmed  out  quickly  and  continued  to  fly  at  approximately  +10°. 

The  exit  attitude  had  a  negligible  effect  on  the  alternate  trajectory  and  in  both 
cases  the  spinal  G  were  within  tolerance  limits. 

The  configuration  resulting  from  this  analysis  consists  of  the  following: 

•  18°  exit  attitude  (not  essential  for  final  configuration) 

•  Fixed  rocket 

•  0. 5-second  duration  thrust 

•  5000-pound  thrust  level 

•  Rocket  oriented  30*  forward  of  vertical 

•  CG  at  seat  reference  point. 
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It  should  be  noted  that  the  18*  exit  attitude  was  retained  but  is  not  essential  for 
the  final  configuration. 

The  escape  system  performance  for  this  configuration  was  evaluated  by 
calculating  trajectories  at  selected  flight  conditions  throughout  the  flight  envelope. 
The  effects  of  dynamic  pressure  are  presented  in  Figure  4-17,  where  trajectory 
plots  are  shown  for  dynamic  pressures  of  1600  psf ,  1200  psf ,  and  700  psf  at  a 
Mach  number  of  1. 6.  Figure  4-18  shows  the  corresponding  time  histories  for 
each  trajectory.  The  performance  of  the  "B"  seat  variant  concept  is  satisfactory 
for  these  flight  conditions  with  respect  to  the  following  criteria: 

•  No  collisions  with  parent  aircraft. 

•  No  stability  problem  affecting  normal  seat  operation 

•  No  excessive  G  forces  on  crewmen 

•  Adequate  protection  from  high  G  windlbast  forces. 
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4.4.3  Shield/ Canopy  Concept 

The  performance  characteristics  acquired  from  the  investigation  of  the 
curved  track  concept  was  used  for  the  analysis  of  the  shield/canopy  concept. 

Since  the  shield/canopy  configuration  is  an  aerodynamically  unstable  body,  a 
thrust  vector  control  rocket  was  incorporated  into  the  design  of  this  configuration. 
The  rocket  characteristics  consisted  of  a  2-second  burn  duration ,  high  impulse 
thrust  time  history,  and  a  rocket  thrust  line  oriented  30s  forward  of  vertical. 

A  calculation  was  made  for  a  shield/canopy  ejection  at  Mach  1.  2,  an  altitude  of 
7500  feet,  and  a  "q"  of  1600  psf.  The  attitude  at  launch  (time  =  0)  was  zero 
degrees,  and  the  thrust  vector  control  attitude  command  was  set  to  maintain  this 
zero  attitude  throughout  the  rocket  burn.  Figures  4-19  and  4-20  present  the 
trajectory  and  time  history  data  for  this  simulation.  The  aerodynamic  loading 
on  the  shield/canopy,  as  it  entered  the  airstream,  resulted  in  a  large  negative 
pitching  moment.  As  the  canopy  pitched  down,  negative  lift  developed,  counter¬ 
acting  the  upward  thrust  of  the  rocket.  As  a  result  the  canopy  did  not  separate 
from  the  aircraft. 


Figure  4*19.  ShMd/Canopy  Trajectoriet/Exit  Attitude  Variation 
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This  can  be  seen  more  clearly  by  examining  the  pitching  moment  as  a 
function  of  angle  of  attack  about  the  shield /canopy  CG,  as  shown  in  Figure 
4-21.  The  stable  trim  point  for  this  configuration  is  approximately  -80°.  The 
large  negative  pitching  moment  on  the  shield/ canopy  as  it  entered  the  alrstream 
could  not  be  controlled  by  the  counter  moment  produced  by  the  rocket  through 
the  thrust  vector  control  system. 

A  second  simulation  of  the  shield/canopy  is  presented  in  the  same  flight 
conditions  with  a  launch  attitude  of  +8*  relative  to  the  aircraft  at  seat 
separation.  With  the  rocket  control  system  attitude  command  set  to  maintain 
the  8*  attitude,  the  shield/canopy  pitched  nose-down  at  a  slower  rate  than  the 
previous  run.  A  positive  angle  of  attack  was  maintained  for  approximately  0. 6 
second.  The  seat  continued  to  pitch  down  until  it  stabilized  at  approximately 
-70*.  This  ejection,  however,  was  successful  in  separating  from  die  aircraft 
and  clearing  the  aircraft  structure.  The  success  can  be  attributed  to  the 


positive  angle  of  attack  during  the  initial  phase  of  the  ejection,  at  which  time 
substantial  lift  was  generated  an  die  body. 
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Concern  for  the  substantial  pitching  motion  observed  at  high  dynamic 
pressure  conditions  and  the  severe  negative  aerodynamics  trim  point  associated 
with  this  configuration  led  to  a  study  of  the  effects  of  CG  location  and  launch 
attitudes.  The  pitching  moment  as  a  function  of  angle  of  attack  was  calculated 
for  various  CG  locations  and  the  results  are  shown  in  Figure  4-22.  The  CG 
was  located  2  inches,  5  inches,  and  10  inches  forward  of  the  original  location. 
The  results  increased  the  angle  of  attack  of  the  stable  trim  point  as  the  CG 
moved  forward. 

Numerous  trajectory  calculations  were  made  varying  both  the  CG  location 
and  the  launch  attitude  of  the  shield /canopy ,  to  determine  how  sensitive  the 
trajectories  were  to  these  parameters.  Also  presented  are  the  trajectory  and 
time  history  results  for  two  shield /canopy  ejections  at  Mach  1.2,  an  altitude  of 
7500  feet ,  and  a  "q"  of  1600  psf .  The  CG  for  both  configurations  is  located  10 
inches  forward  of  the  nominal  CG.  The  ejections  were  launched  at  10°  and  20° 
positive  attitudes  with  respect  to  the  aircraft.  Both  trajectories  were  satisfac¬ 
tory  in  that  the  aircraft  tail  was  cleared  and  the  spinal  G  on  the  crewmen  were 
within  tolerable  limits.  The  shield  /canopy  with  the  10-inch  forward  CG 
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achieved  attitudes  less  negative  than  those  for  the  nominal  CG.  The  decelera¬ 
tion  forces  for  the  shield  /canopy  configuration  were  less  than  those  for  the 
curved  track  seat  because  of  the  lower  drag  profile  at  the  ejection  angles  of 
attack. 

It  should  be  noted  that  the  lower  deceleration  forces  will  allow  for  more 
flexibility  in  the  rocket  orientation  and  the  initial  launch  attitude.  The  full  30° 
thrust  component  is  not  required  for  spinal  G  reduction,  and  the  launch 
attitude  can  be  reduced  if  the  rocket  is  oriented  closer  to  the  vertical. 

The  shield /canopy  concept  can  be  actively  controlled,  and  with  the  proper 
design  can  be  stabilized  at  the  desired  attitude.  The  critical  requirement 
appears  to  be  a  positive  launch  attitude  to  insure  tail  clearance.  Additional 
effort  is  required  to  establish  the  proper  CG  location  and  the  rates  and  dis¬ 
placements  required  at  launch  for  a  successful  separation  throughout  the 
flight  envelope.  Stabilization  in  yaw  will  present  additional  requirements  which 
are  equally  severe. 

4.4.4  Conclusions 

e  Active  stabilization  is  necessary  for  the  curved  trade  and  shield/canopy 
concepts. 

e  Attitude  positioning  is  required  for  the  curved  track  concept  to  provide 
wind  blast  protection. 

e  The  "B"  seat  variant  concept  demonstrated  adequate  stability  in  the 

pitch  plane  for  the  limited  conditions  examined.  The  influence  of  CG 
shifts  and  seat  launch  dynamics  would  influence  this  conclusion  and 
must  be  examined  further  before  a  definitive  conclusion  can  be  made. 

Yaw  stability  was  not  investigated  and,  if  adequate  levels  are  not 
available  from  the  booms,  it  might  seriously  compromise  fids  concept. 

e  Attitude  control  is  required  for  the  shield/canopy  concept  to  insure 
adequate  tail  clearance. 

e  Extensive  ballasting  of  the  shield  /canopy  concept  is  necessary  to 
move  the  CG  forward  sufficiently  to  provide  a  controllable  level  of 
stability . 
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•  Thrust  orientation  of  approximately  30*  forward  of  the  vertical  was 
found  to  be  a  convenient  way  of  relieving  spinal  accelerations  on  the 
curved  track  and  "B"  seat  concepts.  A  more  nearly  vertical 
orientation  which  will  increase  spinal  accelerations  can  be  traded 
off  against  improved  tall  clearance  and  reduced  seat  rocket  thrust 
levels  at  high  speed  or  improved  trajectory  height  in  low  altitude  dives. 

e  Simulation  studies,  not  shown,  reveal  that  a  seat  rocket  with  approx* 
imately  a  2. 0-second  duration  is  required  for  recoveries  from  adverse 
attitudes  with  Vertical  Steering  Control. 

s  A  rocket  thrust  time  history  with  a  peak  level  of  5000  pounds  and  a 
burning  time  of  approximately  2. 0  seconds  was  sized  to  satisfy  control 
power  levels  for  attitude  control  and  stabilization,  as  well  as  tail 
clearance  requirements  at  high  speed.  A  burn  time  of  2. 0  seconds  is 
also  required  for  recoveries  at  low  altitude  adverse  attitude  with 
Vertical  Steering  Control. 

e  Control  power  requirements  as  determined  by  thrust  deflection  angles 
and  thrust  levels  for  both  the  curved  trade  and  "B"  seat  concepts  are 
within  foe  capability  of  practical  Thrust  Vector  Control  and  Vertical 
Steering  Control  systems. 

a  Thrust  levels  and  duration  for  stabilization  and  control  at  high  speed 
ejection  conditions  for  those  concepts  requiring  Thrust  Vector  Control 
are  consistent  with  requirements  of  Vertical  Steering  Control  at  low 

speeds. 

e  Additional  Investigation  is  required  to  identify  foe  escape  envelope  in 
detail  for  each  concept  utilizing  Vertical  Steering  Control  at  high  side 
rate,  adverse  attitude  conditions. 

e  A  blended  control  system  with  the  attributes  of  Thrust  Vector  Control 
above  600  KEAS  and  foe  attributes  of  Vertical  Steering  Control  below 
600  KEAS  Is  proposed  for  those  concepts  requiring  active  stabilization. 
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4.4.5  Preferred  Concept  Selection 

The  configuration  tradeoffs  (Tables  3-8  and  3-9)  reveal  an  Identical  score 
for  the  "curved  track"  and  "supine  concept"  in  the  size/cost/risk  parameters, 
but  show  divergent  results  in  aircraft  hardware  and  escape  system  hardware 
complexities.  The  "curved  track"  system  suffers  the  penalty  of  seat  positioning 
and  separation  hardware  while  the  "supine  concept"  impacts  vehicle  design  in 
the  implementation  of  windshield,  canopy,  and  Instrument  panel  jettison. 

However,  to  the  extent  that  the  "supine  concept"  air  vehicle  complexity  would 
be  necessary  to  facilitate  Ingress/egress,  the  rating  of  this  concept  is  improved. 

In  the  escape  concept  performance  tradeoffs,  the  supine  concept  scores 
best  in  projecting  the  following  advantages: 

•  Earlier  clearance  of  the  aircraft  ejection  envelope 

•  Direct  separation  path-seat  reposition  not  required 

•  Ejection  acceleration  force  applied  eyeballs-in 

•  Ample  tail  clearance. 

The  results  of  the  escape  concepts  evaluation  and  analysis  indicate  "supine 
concept"  to  be  the  preferred  concept  for  the  maximum  performance  envelope. 

4.5  INTERMEDIATE  PERFORMANCE  ENVELOPE 

The  crew  escape  system  concepts  developed  earlier  for  compatibility  with 
MSLPC  provided  safe  escape  within  the  performance  envelope  of  0  to  687  KEAS 
(1600  psf  dynamic  pressure)  which  is  Identified  as  the  maximum  performance 
envelope.  The  investigation  was  extended  to  include  the  definition  and  evaluation 
of  MSLPC  compatible  escape  system  concepts  which  have  a  capability  for 
Intermediate  performance  envelopes  defined  by  the  speed  ranges  of  0  to  450  KEAS 
and  0  to  600  KEAS. 

4.5.1  Candidate  Concepts 

For  the  extended  investigation ,  the  intermediate  performance  baseline  can¬ 
didates  (Table  4-1)  were  selected  from  a  screen  of  maximum  performance  con¬ 
cepts,  in  as  much  as  they  have  been  identified  as  ejection-type  escape  systems 
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TABLE  4-1.  INTERMEDIATE  PERFORMANCE  CANDIDATE  BASELINE  CONCEPTS 


PERFORMANCE  FIT 

CONCEPT 

450 

KEAS 

500 

KEAS 

REMARKS 

DEFLECTION  WEDGE-UPRIGHT 

NO 

NO 

WINDS  LAST  PROTECTION  CONCEPT 

DEFLECTION  WEDGE-RECLINE 

NO 

ESCAPE  SYSTEM  COMPLEXITY 

TRACTOR  ROCKET 

B9 

YES 

AERO  INPUTS  FROM  EA6S  PROGRAM 
GOOD  LOW  SPEED  PERFORMANCE 

CURVED  TRACK 

YES 

YES 

GOOD  PERFORMANCE 

SHIELO/CANOPY 

NO 

NO 

ESCAPE  SYS.  COMPLEXITY, 

WINOBLAST  PROTECTION  CONCEPT 

"8"  SEAT  VARIANT 

NO 

NO 

ESCAPE  SYSTEM  COMPLEXITY 

SUPINE  CONCEPT 

YES 

YES 

GOOD  PERFORMANCE  ALL  SPEEDS 
AIRCRAFT  COMPLEXITY 

17S7-094W 

compatible  with  MSLPC.  The  baseline  concepts  are  accordingly  identified  as 
the  tractor  rocket,  curved  track,  and  supine  concepts.  The  intermediate  per¬ 
formance  candidate  concept  configurations  were  derived  from  a  functional  ele¬ 
ments  matrix  (Appendix  C).  An  ejected  weight  summary  of  the  candidate  con¬ 
figurations  is  shown  in  Table  4-2.  The  principal  elements  of  the  configurations 
are  shown  in  Tables  4-4  and  4-5. 

4.5.2  Escape  System  Cost 

The  following  procedure  was  used  to  determine  delta  costs  (Table  4-3) 
for  the  candidate  intermediate  performance  escape  system  concepts : 

•  A  matrix  of  all  systems  with  the  components  required  for  each  system 
was  established 

•  Components  not  used  on  all  systems  were  priced 

•  Price  estimate  was  based  on  reasonable  total  production  of  500  units 
with  reasonable  yearly  deliveries  of  72  units 

•  Cost  for  each  system  was  determined  by  summing  the  cost  of  all 
unique  components 

•  The  lowest  cost  system  was  established  as  the  baseline. 

Although  the  curved  track  and  supine  concept  escape  systems  are  similar 
once  separated  from  the  aircraft ,  the  higher  cost  deltas  of  the  supine  system 
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TABLE  4-2.  ESCAPE  CONCEPTS  EJECTED  WEIGHT  SUMMARY,  LB 


ESCAPE 

SYS 

CONCEPT 

COMPONENTS 

0  TO  460  KEAS 

0  TO  600  KEAS 

0  TO  687 

KEAS 

TRACTOR 

ROCKET 

CURVED 

TRACK 

1  SUPINE 
[CONCEPT 

TRACTOR 

ROCKET 

CURVED 

TRACK 

SUPINE 

CONCEPT 

PREFERRED 

CONCEPT 

STO 

VS 

D 

a 

□ 

a 

S3 

Q 

□ 

VS 

□ 

VS 

SEAT 

ROCKET 

22 

39 

19.5 

39 

19.5 

39 

22 

39 

19.5 

39 

19.5 

39 

39.0 

PROPELLANT 

6 

15 

6.5 

15 

6.5 

15 

6 

15 

6.5 

15 

6.5 

15 

15.0 

SEAT  STRUCTURE 

117 

117 

108 

110 

106 

110 

117 

117 

108 

110 

108 

110 

110.0 

HARNESS  RETRACTOR 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5.0 

HAHNESS.8ELT,5i 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14.0 

CUSHIONS 

SEAT  MECHANISM 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8.0 

INITIATION  A  SEQUENCE 

10 

10 

7 

7 

7 

7 

10 

10 

7 

7 

7 

7 

70 

MISC  IUP  SEEKING) 

- 

4 

- 

4 

- 

4 

- 

4 

- 

4 

_ 

4 

4.0 

SURVIVAL  KIT 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38.0 

CREW  WEIGHT 

5  PERCENTILE  PILOT 

140.2 

140.2 

140.2 

140.2 

140.2  j 

140.2 

140.2 

95  PERCENTILE  PILOT 

210.8 

210.8 

210.8 

2108 

210.8 

2108 

210.8 

DROGUE 

- 

- 

7 

7 

7 

7 

— 

_ 

7 

7 

7 

7 

7.0 

RECOVERY  PARACHUTE 

20 

20 

20 

20 

20 

20 

20 

20 

o 

20 

20 

20.0 

PERSONAL  EQUIP.  5% 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

PERSONAL  EQUIP.  96% 

43.2 

43.2 

43.2 

43.2 

43.2 

43.2 

TOTAL  EJECTED  WT,  5% 

400.2  430.3 

393.3  427.2 

393.2  427.2 

400.2  430.2 

393.2  427.2 

393.2  427.2 

427.2 

TOTAL  EJECTED  WT.  96% 
_ 1 

494.0  S24.0 

487.0  521.0 

487.0  521 .0 

494.0  524.0 

487.0  521.0 

487.0  521.0 

521  0 

NOTES:  STO  -  STANOARO:  FR  -  FIXED  ROCKET.  VS  ■  VERTICAL  STEERING. 
17S7-OSSW _ _ 


TABLE  4-3.  ESCAPE  SYSTEM  COST  DELTAS 
(1079  DOLLARS  -  REASONABLE  PRODUCTION,  NO  RDTSkE  OR  PROTOTYPES) 


0  TO  400  KEAS 


TRACTOR 

ROCKET 


STO  I _ VS 


CURVED 

TRACK 


FR  I  VS 


SUPINE 

CONCEPT 


PR  I  VS 


0  TO  000  KEAS 


TRACTOR 

ROCKET 


STO  VS 


CURVED 

TRACK 


PR  VS 


SUPINE 

CONCEPT 


FR  VS 


0  TO  0E7 
KEAS 


PREFERRED 

CONCEPT 


♦40.375 


♦36.535 


♦30.750 


♦  17.035 


♦  1,350 


*17000 


♦1.175 


♦36.535 


♦30675 


♦  17,035 


♦  1,075 


♦16660 


BASELINE  •  542,000 


izazaafi* 


TES:  STO  •  STANOARO:  FR  ■  FIXED  ROCKET;  VS  •  VERTICAL  STEERING. 


77 


are  due  to  associated  windshield ,  canopy ,  instrument  panel .  and  structural 
complexities . 

The  development  costs  for  the  tractor  rocket  system,  established  as  the 
baseline,  is  estimated  to  be  $27.0  million,  which  is  approximately  equal  to  cur¬ 
rent  (F-14)  escape  system  development  costs  in  1979  dollars.  The  curved  track 
system  development ,  considering  such  elements  as  limb  restraint  and  vertical 
steering  components,  has  a  cost  factor  of  about  1. 8  that  of  the  baseline,  or  the 
equivalent  of  $48. 6  million. 

The  supine  concept  with  vertical  steering/vector  control  for  0  to  687  KEAS 
requires  a  development  cost  factor  about  1.3  more  than  the  curved  track  system, 
or  about  $63. 2  million.  Items  that  contribute  to  the  increased  cost  include  thrust 
vector  control  and  components  that  Implement  upward  separation  from  the  aircraft. 

4.5.3  Intermediate  Performance  Analysis 

In  so  far  as  the  curved  track  concept  and  the  supine  concept  present  an 
identical  seat/man  mass  and  form  factor  to  the  air  stream  on  aircraft  separation, 
the  aerodynamic  performance  analysis  was  limited  to  the  curved  track  and  tractor 
rocket  concepts. 

4. 5. 3. 1  Curved  Trade  Escape  Performance  -  The  curved  track  escape  concept 
performance  evaluation  was  extended  to  include  low  speed  and  adverse  attitude 
escape  conditions  and  high  dynamic  pressure  escape  conditions.  Additional 
configurations  were  examined  for  escape  speeds  of  0  to  450  KEAS  and  0  to  603 
KEAS. 

Four  candidate  system  configurations  for  the  curved  track  seat  are 
identified  in  Table  4-4  with  the  pertinent  event  schedules  shown  in  Table  4-5. 

Hie  corresponding  rocket  thrust  schedules  shown  in  Figure  4-23  are  identified 
by  a  letter  designation  and  are  those  used  in  the  earlier  study. 

The  four  systems  are  identified  as  Systems  I  through  IV.  System  I  utilizes 
a  fixed  seat  rocket  and  is  representative  of  a  conventional  ejection  seat  escape 
system.  Systems  n  and  III  both  employ  Vertical  Steering  Control  for  directing 
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TABLE  4-4.  SYSTEM  CONFIGURATIONS 


COMPONENT  IDENTIFICATION 

SYSTEM  1 

SYSTEM  II 

SYSTEM  III 

SYSTEM  IV 

ROCKET  CONTROL  SYSTEM 

Ai/MU  C 

(FIXED  ROCKET) 

vsc 

VSC 

VSC /TVC 

SEAT  ROCKET  TYPE 

A 

B 

c 

C 

DROGUE  DIAMETER 

5  FT 

4  FT 

2  FT 

2  FT 

MAIN  PARACHUTE  DIA 

2S  FT 

28  FT 

28  FT 

28  FT 

NOTES:  VSC  -  VERTICAL  STEERING  CONTROL;  TVC  -  THRUST  VECTOR  CONTROL. 

1787-057W 

TABLE  4-6.  ESCAPE  EVENT  SCHEDULE 


EVENT 

ELAPSED  TIME  (SEC) 

SYSTEM  1 

SYSTEM  II 

SYSTEM  III.  IV 

SEAT-A/C  SEPARATION 

0 

0 

0 

ROCKET  INITIATION 

0 

0 

0 

DROGUE  INITIATION 
(V  >  260  KEAS  OR  ALT  > 

18,000  FT) 

0.10 

1.6 

1.506 

DROGUE  LINE  STRETCH 

0.18 

1.68 

1.59 

ROCKET  BURNOUT 

0.286 

1.7S 

2.0 

MAIN  CHUTE  DEPLOYED 
(ALT  <  18,000  FT) 

0.9 

3.15 

3.35 

MAIN  CHUTE  LINE  STRETCH 

IS 

4.4 

4.6 

1747-03  VH 

the  seat  into  an  earth  oriented  up  trajectory,  but  use  different  size  seat  rock¬ 
ets.  The  variation  in  rocket  sizes  for  these  systems  was  chosen  to  show  the 
effect  of  rocket  thrust  on  the  escape  performance.  System  IV  utilizes  Vertical 
Steering  Control  below  600  KEAS  with  Thrust  Vector  Control  for  attitude  posi¬ 
tioning  at  speeds  above  600  KEAS.  System  IV  is  the  configuration  defined 
earlier  for  the  0  to  687  KEAS  speed  range.  In  this  phase,  System  IV  perfor¬ 
mance  is  verified  more  completely  below  600  KEAS .  Systems  I ,  II ,  and  III  are 
configured  specifically  for  the  speed  ranges  of  0  to  450  KEAS  and  0  to  600 
KEAS.  Systems  III  and  IV  perform  identically  below  600  KEAS  since  they  both 
utilize  Vertical  Steering  Control  in  this  speed  range.  However,  only  System  IV 
operates  above  600  KEAS . 

All  system  configurations  utilize  a  28-foot  flat  circular  main  parachute 
(Table  4-4).  Drogue  parachute  size  varies  with  each  configuration.  System  I 
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Figure  4-23.  Rockat  Thrust  Tim*  Hktory 
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has  a  5- foot  diameter,  System  II  has  a  4- foot  diameter,  and  System  III  and  IV 
have  2- foot  diameters.  For  escapes  initiated  above  250  KEAS  or  15,000  feet,  the 
drogue  is  deployed  and,  subsequently,  the  main  parachute  is  deployed  after  the 
specified  time  interval  or  a  descent  below  15,000  feet.  Below  250  KEAS  and 
15,000  feet,  only  the  main  parachute  is  deployed.  Deployment  is  in  accordance 
with  the  escape  event  schedule  (Table  4-5).  The  main  and  drogue  parachute 
sizing,  sequencing,  and  timing  were  chosen  to  represent  reasonable  values  for 
the  several  speed  regimes.  No  attempt  was  made  to  modify  or  optimize  values, 
to  improve  performance,  or  to  satisfy  conflicting  requirements. 

This  study  phase  differs  from  the  previous  investigations  in  that  motions 
out  of  the  pitch  plane  were  considered.  This  was  determined  by  the  need  to 
extend  the  performance  evaluations  of  several  configurations  of  the  curved  track 
seat  with  respect  to  adverse  attitude  escape  conditions.  A  series  of  11  flight 
conditions  were  selected,  seven  of  which  are  the  "Low  Level  Escape  Performance" 
conditions  of  MIL-S-9479B  (USAF),  and  represent  a  reasonably  severe  test  of 
escape  system  capability.  The  others  are  intended  to  fill  out  the  escape  envelopes 
for  each  speed  range.  All  the  escape  conditions  are  summarized  in  Table  4-6. 

The  adverse  attitude  escape  conditions  established  a  requirement  for 
additional  aerodynamic  data  beyond  that  previously  generated  for  the  pitch  plane 
analysis.  The  data  requirements  were  satisfied  using  the  same  analytical 
procedure  as  described  previously.  The  results  have  been  tabulated  in  Table  4-7 
and  presented  as  seat/man  rolling,  yawing  moment,  and  side  force  coefficients 
vs  side  slip  angle  at  zero  angle-of-attack.  These  data  supplement  the  pitch  plane 
data  presented  earlier. 

The  Vertical  Steering  Control  system  was  permitted  to  command  both  roll 
and  pitch  responses  to  effect  recoveries  from  an  inverted  attitude,  or  to  seek  a 
vertical  up  reference.  The  system  gains  and  time  constants  were  unchanged  and 
no  attempt  was  made  to  optimize  control  system  response  or  Improve  performance. 

A  rocket  thrust  schedule  was  previously  sized  for  the  curved  track  concept 
to  accommodate  control  power  requirements  for  seat  stabilization  and  tail  clearance 
at  high  dynamic  pressure  escape  conditions.  This  schedule  is  identified  as  Rocket 
C  in  Figure  4-23.  This  schedule  was  evaluated  for  System  IV  below  600  KEAS  and 
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TABLE  4-6.  FLIGHT  CONDITIONS 


CONO 

NO. 

Eg 

ei 

*. 

090 

m 

R/B 

mi 

h.* 

FT 

1 

0 

0 

0 

0 

0 

- 

ZERO-ZERO 

2 

120 

0 

0 

00 

0 

0 

90*  BANK  AT  IMPACT  WITH  QROUNO 

3 

190 

-40.4 

0 

0 

10,000 

300 

LOW  SPEED,  DESCENT  W/WINGS  LEVEL 

4 

a 

0 

0 

0 

0 

- 

WINGS  LEVEL 

S 

900 

0 

0 

0 

0 

- 

WINO  LEVEL 

6 

987 

0 

0 

0 

0 

- 

WINGS  LEVEL,  h  -  40K,?- 1900  PSP 

7 

190 

0 

0 

n 

0 

200 

INVERTED.  WINGS  LEVEL.  LOW  ALT 

8 

200 

-90 

-80 

0 

17410 

n 

LOW  SPEED  DIVE 

9 

490 

-30 

-30 

0 

23,140 

■Si 

MAX  SPEED  DIVE 

10 

200 

-90 

-90 

90 

17410 

■29 

LOW  SPEED,  OOf  BANK  AND  DIVE 

11 

290 

-49 

-49 

■31 

18,180 

900 

MED  SPEED,  INVERTED  DIVE 

*  MINIMUM  ALTITUDE  FROM  MIL49479S  (USAF). 

1787-040W 

TABLE  4-7.  CURVED  TRACK  CONCEPT,  AERODYNAMIC  COEFFICIENTS 


SIDESLIP  ANGLE 

A  DEGREES 

CY 

COEFFICIENT 

C« 

0 

0 

0 

0 

30 

-0488 

0.0279 

-0.0279 

00 

-1.087 

04838 

-04881 

90 

-1.422 

0.1118 

-0.1188 

120 

-1.087 

0.0838 

-04881 

ISO 

-0488 

I K  1 1 

-04297 

180 

0 

0 

0 

210 

0498 

-04279 

04297 

240 

1467 

-04838 

0.0881 

270 

1422 

-0.1119 

0.1188 

300 

1.067 

-0.0838 

04881 

330 

0488 

-0.0279 

0.0297 

390 

0 

0 

0 

•  AERODYNAMIC  REFE1 

*ENCE  POINT  AT  SRP. 

1787-W1W 
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also  considered  as  a  candidate  for  System  m.  Rocket  B  was  used  in  System  n  in 
an  attempt  to  reduce  the  rocket  size  for  the  0  to  600  KEAS  speed  range.  A 
comparison  of  System  H  with  System  III  shows  this  difference.  Rocket  A  represents 
a  typical  schedule  for  a  conventional  system  with  an  escape  speed  range  from  0  to 
600  KEAS. 

The  fixed  rocket  thrust  orientation  and  the  null  position  of  the  rocket  thrust 
vector  for  the  TVC  and  VSC  systems  were  directed  parallel  to  the  seat  vertical 
(Z  axis).  This  differs  from  the  previous  study  phase  where  the  orientations  were 
30*  forward  of  the  seat  vertical  axis.  The  vertical  orientation  was  selected  since 
alleviation  of  spinal  accelerations  by  this  means  was  not  necessary  at  speeds  below 
600  KEAS,  and  it  allowed  a  consistant  comparison  of  the  three  speed  regimes. 

Performance  results  are  presented  in  the  form  of  spatial  plots  in  the  X-Z 
vertical  plane.  One  plot  is  presented  for  each  condition  of  Table  4-6,  compar¬ 
ing  the  four  systems  on  each  plot  where  appropriate . 

DISCUSSION 

The  digital  computer  program  (A280B)  used  for  this  analysis  is  similar  to 
the  one  utilized  in  the  previous  study  with  minor  alterations  to  accommodate  the 
three  new  curved  track  concepts  or  systems.  Lateral-directional  aerodynamic 
coefficients  have  been  included  in  the  data  package  to  determine  out-of-plane 
motions  and  displacements.  The  control  law  has  been  modified  and  expanded  to 
include  simulation  of  the  roll  channel  in  the  Vertical  Steering  Control  System . 

Each  trajectory  is  initiated  at  the  aircraft  exit  position.  Thus,  any  trans¬ 
lational  and  rotational  rates  generated  by  a  seat  booster  and  imparted  on  the 
seat  /man  system  are  neglected.  In  general,  if  the  aircraft  is  in  an  upright  atti¬ 
tude  (  S<90°,  0  >  -90°)  at  system  initiation,  the  trajectory  obtained  in  the  anal¬ 
ysis  (without  the  booster)  will  be  conservative.  Hence,  in  runs  where  the 
results  are  marginal,  the  system  may  still  be  qualified  using  the  booster.  How¬ 
ever  ,  the  minimum  altitude  attained  for  the  inverted  attitude  cases  may  be 
higher  if  the  booster  is  included. 

The  results  of  the  analysis  are  presented  as  a  summary  of  performance 
characteristics  (Table  4-8)  for  each  of  the  11  conditions.  The  G  levels  (spinal 
(X),  side  (Y),  and  axial  (Z))  are  the  peak  accelerations  imposed  on  the  crew¬ 
man  in  the  seat  /man  body  axis  system  during  the  escape  sequence  while  the 
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rocket  is  thrusting.  The  highest  value  in  the  table  is  11.3  G  in  the  axial 
direction.  These  are  low  compared  to  the  accelerations  normally  experienced 
during  parachute  deployments.  In  fact,  the  analysis  indicates  that  the  decel¬ 
erations  due  to  main  parachute  openings  are  on  the  order  of  20  G  or  more. 
However,  the  durations  are  very  short.  The  G  levels  obtained  with  the  com¬ 
puter  simulation  of  the  parachute  systems  represent  levels  for  conventional 
parachutes  at  normal  parachute  and  drogue  opening  speeds. 

Stability  analysis  of  the  seat  system  was  a  qualitative  process  since  no 
mathematical  expression  or  guideline  was  used  to  determine  the  stability  level, 
whether  statically  or  dynamically.  The  check  mark  (j)  in  these  columns  and 
the  columns  for  tail  clearance  indicates  adequate  levels  were  achieved.  A  "hit" 
in  the  tall  clearance  column  Indicates  possible  contact  of  the  seat/man  with  the 
vertical  tail  of  the  aircraft.  A  nominal  tail  height  of  10  feet,  displaced  40  feet 
horizontally  from  the  ejection  initiation  point,  was  used  as  the  criterion. 

Minimal  altitude  was  the  lowest  altitude  of  the  aircraft  above  ground  level  for 
a  safe  ejection.  The  minimum  altitude  usually  corresponded  to  either  the  altitude 
required  to  reach  a  safe  terminal  velocity  under  a  full  main  parachute  canopy  (total 
velocity  of  man  of  30  fjps  and  vertical  component  of  the  velocity  vector  of  24  fps) 
or  the  lowest  point  in  the  trajectory.  A  zero  for  minimal  altitude  can  be 
interpreted  to  mean  that  ejection  was  successfully  initiated  at  ground  level. 

The  peak  altitude  values  are  simply  points  on  the  apex  of  the  trajectory.  A 
zero  indicates  that  the  seat/man  system  could  not  achieve  the  initial  ejection 
altitude. 

With  regard  to  the  plots  shown  in  Figures  4-24  to  4-34,  the  escape  sequence 
for  all  the  flight  conditions  except  No.  6  was  Initiated  at  an  arbitrary  altitude  of 
1000  feet .  This  was  done  to  accommodate  the  computer  simulation  to  prevent 
escape  trajectories  from  going  below  ground  level.  The  aircraft  was  positioned 
at  a  height  of  1000  feet  to  insure  that  none  of  the  trajectories  would  exceed  a 
downward  displacement  of  1000  feet  prior  to  attaining  a  terminal  velocity. 

The  following  is  a  brief  discussion  of  each  run.  Any  peculiar  or  unique 
characteristics  are  mentioned,  and  suggestions  are  made  to  alleviate  or  remedy 
possible  problems  or  to  improve  the  overall  system  performance.  Flight 


conditions  are  given  in  Table  4-6,  rocket  designations  in  Figure  4-23,  X  vs  Z 
coordinate  plots  in  Figures  4-24  to  4-34. 

Flight  Condition  1  (Figure  4-24) 


System  I:  The  fixed  seat  rocket,  with  a  burn  time  duration  of  0. 265  second 
(Rocket  A)  propelled  the  seat/man  mass  to  a  maximum  height  of  84  feet;  the  fall 
from  the  peak  point  before  terminal  velocity  was  approximately  800  feet,  which 
resulted  from  (1)  the  lack  of  an  Initial  ejection  velocity  normally  Imparted  by  a  seat 
booster,  and  (2)  a  delayed  parachute  deployment  time.  The  employment  of  a 
booster  would  have  allowed  the  seat/man  system  to  reach  a  higher  peak  altitude, 
thus  decreasing  the  distance  of  the  fall  before  a  safe  deceleration  had  occurred. 


AIRSPEED :  0  KEAS 

SYM 
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SYSTEM 

ALTITUDE  :  1,000  FT 
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12 

II 

ROLL  ATT :  O' 

RATE  OP  SINK  :  0  FPM 

A 

23 

III.  IV 

Figure  4-24.  Eicapa  TrajMtorire,  Flight  Condition  1 


The  parachute  was  designed  to  be  fully  opened  at  1. 8  second  subsequent  to  system 
separation  from  the  aircraft.  For  this  flight  condition,  however,  this  event 
occurred  just  prior  to  the  seat/man  reaching  trajectory  apex  where  the  airspeed 
is  near  zero.  This  resulted  in  a  delayed  parachute  inflation  which  also  delayed 
deceleration  of  the  crewman  during  the  descent.  Earlier  parachute  deployment 
in  the  ascent  phase,  where  the  velocity  is  higher,  would  have  permitted  full 
inflation  at  the  apex  of  the  trajectory  and,  combined  with  the  seat  booster 
velocity,  would  probably  have  met  the  zero-zero  condition. 

There  was  no  G  forces  in  the  X  (spinal)  or  Y  (side)  directions  on  the  man 
during  rocket  thrusting;  the  peak  axial  G  (in  the  Z  direction)  was  an  accept¬ 
able  10.6. 

Since  there  was  no  control  system  for  this  seat  configuration,  the  rocket 
thrust  vector  was  fixed  through  the  CG  of  the  seat/man,  which  resulted  in 
practically  zero  rotation  about  all  three  axes. 

System  II:  No  problems  were  encountered.  The  longer  burning  rocket 
resulted  in  a  much  higher  trajectory.  The  peak  altitude  reached  was  585  feet 
above  the  ejection  point ,  while  terminal  speed  was  attained  449  feet  above  ejection 
altitude.  The  7G  experience  in  the  axial  direction  was  acceptable.  Rotational 
rates  were  low.  A  minimum  escape  altitude  of  zero  feet  was  achieved. 

Systems  III  a  IV :  In  as  much  as  the  escape  condition  is  below  600  KEAS , 
the  trajectories  for  Systems  III  and  IV  are  identical.  The  higher  impulse  rocket 
(Rocket  C)  powered  the  man/seat  system  to  a  peak  altitude  of  1083  feet.  A 
peak  axial  G  of  10.2  was  obtained  during  rocket  burn.  Both  systems  meet  the 
zero-zero  escape  requirement . 

Flight  Condition  2  (Figure  4-25) 

System  I:  The  analysis  shows  that  this  system  does  not  appear  to  meet 
the  MIL-S-9479B  requirement  of  zero  fleet  minimum  altitude.  The  trajectory 
indicates  that  a  height  of  only  17  feet  was  reached  and  a  fall  of  55  feet  below 
the  ejection  altitude  was  sustained  before  a  satisfactory  sink  rate  was  achieved. 
The  addition  of  booster  end  conditions  would  not  appreciably  increase  the  peak 
altitude  for  a  safe  parachute  recovery  above  the  ejection  altitude,  since  the 
trajectory  is  inclined  60°  to  the  horizontal. 
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Figura  4-28.  Etnpa  Trajactorio,  Flight  Condition  2 


Syatem  II:  The  MIL  SPEC  requirements  were  satisfied  and  G  levels  were 
tolerable.  The  Vertical  Steering  Control  system  supplied  the  appropriate  roll 
command  to  restore  the  seat  /man  system  to  an  upright  attitude  with  little 
overshoot.  The  peak  altitude  reached  was  461  feet.  Minimum  ejection  altitude 
was  zero  feet. 

Systems  III  k  IV :  The  output  from  the  autopilot  rapidly  restored  the  sys¬ 
tems  to  an  upright  position ;  the  additional  rocket  thrust  and  burn  duration 
enabled  the  systems  to  achieve  a  peak  of  962  feet  from  a  ground  level  ejection. 
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Flight  Condition  3  (Figure  4-26) 

System  I:  The  analysis  showed  that  an  altitude  of  325  feet  was  required 
to  reach  a  safe  terminal  speed  under  the  main  parachute  compared  with  the  MIL 

SPEC  limit  of  300  feet.  A  booster  exit  velocity  would  adequately  compensate  for 
the  altitude  difference  required  to  meet  the  specification  requirement.  The  tail 
clearance  was  over  100  feet. 

System  II;  An  altitude  of  224  feet  was  needed  for  a  safe  recovery.  The 
clearance  of  the  tail  of  the  aircraft  was  over  200  feet. 

Systems  III  k  IV :  The  altitude  loss  below  the  ejection  altitude  was  only  50 
feet.  The  higher  thrust  rocket  for  these  systems  enabled  the  seats  to  ascend 
to  a  height  of  444  feet  above  the  Initial  altitude.  Terminal  descent  speed  under 
a  fully  deployed  main  parachute  was  reached  300  feet  above  the  initial  escape 
altitude. 
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Figure  4-26.  Escape  Trajactofiea,  Flight  Condition  3 
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Flight  Conditions  4,  5,  6  (Figures  4-27  to  4-29) 

The  emphasis,  In  these  three  flight  conditions,  was  on  the  capability  of  each 
system  to  clear  the  aircraft.  Flight  conditions  4  and  5  were  at  medium  high  speed 
(450  and  600  KFAS,  respectively)  and  flight  condition  6  was  a  high  dynamic 
pressure  ("q"  =  1600  psf),  high  speed  (687  KEAS)  case. 

System  I;  The  tail  clearances  for  flight  conditions  4  and  5  were  marginal; 
this ,  however ,  could  be  much  improved  with  the  incorporation  of  seat  booster  end 
conditions.  The  minimum  ejection  altitude  required  to  reach  a  safe  parachute 
terminal  speed  was  69  feet  for  flight  condition  4,  and  66  feet  for  flight  condition 
5.  The  spinal  and  axial  G  due  to  rocket  thrust  were  tolerable.  Flight  condition 
6  was  not  analyzed  since  this  system  does  not  apply  to  this  range  because  it  does 
not  provide  attitude  control  for  wind  blast  protection.  The  spinal  and  nv»«i  G 
due  to  the  rocket  were  tolerable. 
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Figuw  4-28.  Etcapa  Trajaetoriat,  Flight  Condition  5 

System  II;  The  tall  clearance  for  flight  condition  4  was  marginal  due  to  the 
lower  Initial  thrust  of  Rocket  B.  In  the  trajectory  for  flight  condition  5,  a  tail 
strike  was  indicated.  It  is  questionable  whether  the  addition  of  booster  end 
conditions  would  provide  sufficient  additional  thrust  to  provide  adequate  tail 
clearance.  Spinal  and  axial  G  were  within  tolerance.  Flight  condition  6  was 
not  analyzed  since  the  earlier  study  had  already  disqualified  System  II  at  this 
speed . 

Systems  III  k  IV:  The  performance  for  both  systems  was  identical  for 
flight  conditions  4  and  5,  with  more  than  adequate  tail  clearance.  This  was  due 
to  the  high  initial  thrust  produced  by  Rocket  C  and  the  longer  burning  time . 

For  flight  condition  6,  however,  where  the  dynamic  pressure  was  about  1600 
psf ,  System  III  is  inappropriate  since  a  Vertical  Steering  Control  System  would 
not  maintain  a  fixed  seat  attitude  to  prevent  wind  blast  and  limb  flailing.  Pre- 
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Figure  4-29.  Etcapa  TrejactoriH,  Flight  Condition  6 


vious  analysis  identified  System  IV  as  the  more  viable  one  for  speeds  above  600 
KEAS,  since  the  Thrust  Vector  Control  mode  is  capable  of  maintaining  the  seat/ 
man  in  a  streamlined  attitude.  The  earlier  analysis  for  the  687  KEAS  case  is 
repeated  for  comparison  purposes. 

Flight  Condition  7  (Figure  4-30) 

System  I:  The  fixed  rocket  maintained  the  seat /man  along  a  trajectory  of 
decreasing  altitude  until  the  main  parachute  was  fully  deployed.  The  minimum 
escape  altitude  attained  was  250  feet ,  which  does  not  meet  the  MIL  SPEC  limit 
of  200  feet.  A  seat  booster  would  probably  hurt  the  performance  further  since 
the  additional  momentum  provided  by  the  booster  would  be  in  the  downward 
direction.  However,  it  can  be  seen  that  the  main  chute  line  stretch  occurred 
over  150  feet  below  initial  altitude.  If  the  timing  for  the  main  chute  deployment 
was  advanced ,  the  performance  might  be  improved  sufficiently  to  meet  the 
specification  requirement. 
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SYM  RUN  NO.  SYSTEM 

O  *  I 


Figure  4-30.  Escape  Trijtctorta.  Flight  Condition  7 


System  II:  Subsequent  to  ejection  from  the  aircraft ,  the  system  displaced 
the  seat  /man  downward  only  21  feet  before  the  roll  command  from  the  autopilot 
restored  an  upright  attitude  and  stopped  the  descent.  The  system  reached  a 
peak  altitude  of  148  feet  above  escape  initiation.  In  addition  to  spinal  G  of  -0.7 
and  axial  G  of  10.3,  there  was  also  a  side  G  of  1.1  due  to  the  rolling  motion  in 
the  recovery. 

Systems  III  *  IV:  The  peak  altitude  attained  was  335  feet  above  initial 
altitude.  The  G  levels  for  the  side  and  axial  directions  (2.8  and  10.0, 
respectively)  were  tolerable. 

Flight  Condition  8  (Figure  4-31) 

System  I:  The  minimum  altitude  for  escape  was  634  feet;  the  MIL  SPEC 
limit  is  500  feet.  The  figure  shows  that  the  main  chute  was  not  fully  deployed 
until  the  system  had  traveled  500  feet  downward.  An  earlier  main  chute 
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Figure  4-31.  Efcapa  Trajuctorias.  Flight  Condition  8 


deployment  might  improve  the  system  to  meet  the  spec  requirement.  Booster 
end  conditions  would  also  enhance  the  performance. 

System  II:  Poor  performance  results  from  Inadequate  thrust  from  the  seat 
rocket,  together  with  the  long  delay  before  main  chute  deployment.  The  minimum 
altitude  was  774  feet  which  exceeds  the  MIL  SPEC  limit  of  500  feet. 

Systems  III  fc  IV :  The  additional  thrust  from  Rocket  C  combined  with  the 
parachute  drag  decreased  the  rate  of  descent  of  the  system  sufficiently  to  meet 
the  specification  limit.  The  minimum  ejection  altitude  was  312  feet. 

Flight  Condition  9  (Figure  4-32) 

System  I:  The  figure  shows  that  MIL  SPEC  limit  minimum  altitude  was 
not  met.  An  earlier  main  chute  deployment  would  exceed  the  parachute  Inflation 
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AIRSPEED  :  450  KEAS 
ALTITUDE  :  1,000  FT 


SYM  RUN  NO.  SYSTEM 


Figure  4-32.  Empi  Tfjuctorii,  Flight  Condition  9 


limit  speed  of  250  KEAS.  The  tolerable  spinal  (X)  and  axial  (Z)  G  are  -4.8 
and  8.  6,  respectively. 

System  II:  The  minimum  altitude  obtained  from  the  analysis  was  902  feet, 
which  exceeds  the  specification  limit.  It  is  doubtful  that  booster  end  conditions 
or  optimizing  the  drogue  and  main  chute  Inflation  times  could  compensate  for 
the  inadequate  thrust  output  from  Rocket  B. 

Systems  III  a  IV :  The  minimum  altitude  exceeds  the  specification  value  by 
34  feet.  The  addition  of  a  booster  plus  optimal  timing  for  drogue  and  main  chute 
releases  should  qualify  the  system  for  this  flight  condition.  The  autopilot 
demonstrated  adequate  stability  and  control  in  the  attitude  recovery  of  the 
system. 


Flight  Condition  10  (Figure  4-33) 

System  I;  There  was  no  correction  to  the  initial  adverse  attitudes  of  60* 
roll  and  60*  pitch  down.  The  system  traversed  over  500  feet  downward  before 
the  deployment  of  the  main  chute  recovered  the  system.  The  minimum  altitude 
was  664  feet,  exceeding  the  limit  of  550  feet  specified  in  the  MIL  SPEC.  Since 
the  Initial  speed  was  low,  earlier  deployment  of  the  main  chute  should  reduce 
the  minimum  altitude.  The  booster  would  also  contribute  to  better  performance. 

System  II:  Minimum  altitude  needed  for  safe  ejection  is  803  feet.  To 
compensate  for  the  insufficient  initial  thrust  output  of  Rocket  B,  the  main  chute 
should  be  deployed  sooner  for  earlier  deceleration. 

Systems  III  a  IV :  Analysis  shows  that  more  than  adequate  performance  can 


Figure  4-33.  Escap*  Trajoctorire,  Flight  Condition  10 
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be  seen  from  the  figure.  The  plot  Indicates  that  with  Rocket  C  these  systems 
were  able  to  recover  with  small  altitude  loss.  The  Vertical  Steering  mode 
demonstrated  good  pitch  and  roll  control  of  the  system.  Minimum  altitude  was 
374  feet. 


Flight  Condition  11  (Figure  4-34) 

System  I:  Minimum  altitude  was  704  feet,  which  could  be  reduced  if  the 
main  chute  was  deployed  sooner.  The  G  levels  are  tolerable.  As  in  previous 
adverse  altitude  situations,  the  seat/man  traveled  in  an  Inverted  position  until 
the  main  chute  was  fully  deployed. 

System  II:  The  minimum  altitude  of  993  feet  was  300  feet  beyond  the  MIL 


SPEC  limit .  If  the  timing  of  the  drogue  and  main  chute  deployments  were 


Figura  4-34.  Ewapa  Trajactorias,  Flight  Condition  11 
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optimized,  the  performance  could  be  improved.  It  is  questionable,  however, 
whether  the  time  adjustments  could  compensate  for  the  insufficient  thrust  dur¬ 
ing  the  initial  stage  of  the  trajectory. 

Systems  III  &  IV:  The  analysis  shows  that  the  spec  limit  was  exceeded  by 
158  feet.  However,  proper  deployment  time  of  the  drogue  and  main  chute  may 
reduce  the  distance  to  within  spec  limits. 

CONCLUSION:  CURVED  TRACK 

The  purpose  of  this  study  phase  was  to  analyze  Systems  I  through  TV,  and 
select  the  best  system  for  each  of  the  three  speed  ranges,  namely,  0  to  450 
KEAS,  0  to  600  KEAS,  and  0  to  687  KEAS.  The  tabulated  results  in  Table  4-8, 
in  conjunction  with  the  trajectory  plots  shown  in  Figures  4-24  to  4-34,  were 
used  as  a  base  for  choosing  the  most  viable  system.  The  selection  was  based 
on  the  recovery  capability,  stability,  and  aircraft  clearance  of  each  system; 
cost  and  complexity  were  not  considered. 

0  to  450  KEAS:  System  I  exhibited  adequate  performance  in  the  level  flight 
conditions,  but  performed  marginally  in  some  adverse  attitude  situations,  and 
was  inadequate  in  the  most  adverse  attitude  cases.  System  II  performed  quite 
well  in  this  speed  regim  for  level  flight,  but  in  the  more  severe  attitude  cases 
failed  to  meet  the  MIL-S-S479B  limits.  Some  improvement  might  be 
realized  for  these  two  systems  over  this  speed  range  by  reducing  the  main 
parachute  deployment  time.  Systems  III  and  IV  had  Identical  performance  in 
this  speed  regime,  and  except  for  flight  condition  11,  all  spec  limits  were  met. 
Therefore,  on  the  basis  of  overall  escape  performance.  System  m  was  the  best 
system  of  the  three  candidates  for  fids  speed  regime. 

0  to  600  KEAS:  The  flight  conditions  for  this  speed  range  were  the  same  as 
those  for  the  450  KEAS  speed  range  with  one  exception  at  600  KEAS.  System  n 
failed  to  clear  the  tail  of  the  aircraft  at  600  KEAS.  Therefore,  System  m  is  also 
the  best  system  for  this  speed  range. 

0  to  687  KEAS;  An  earlier  effort  had  shown  that  the  only  viable  system 
beyond  600  KEAS  was  System  IV,  where  the  Thrust  Vector  Control  feature  main- 


98 


tains  the  seat/ man  in  the  supine  position  providing  protection  from  the  hill  impact 
of  the  wind  blast.  Below  600  KEAS,  this  system  was  equivalent  in  performance 
to  System  III.  Therefore,  System  IV  was  the  only  system  that  fully  satisfied  the 
0  to  687  KEAS  speed  range. 

4.  5. 3. 2  Tractor  Rocket  Escape  Performance  -  The  tractor  rocket  system  (V) 
is  examined  in  this  study  for  the  performance  envelope  of  0  to  450  KEAS  and  0 
to  600  KEAS.  The  escape  trajectories  shown  in  Figure  4-35  through  4-44  were 
derived  from  data  generated  during  the  sled  test  program  evaluating  the  appli¬ 
cation  of  the  Yankee  escape  system  to  the  EA-6B  aircraft  (Reference  7). 

The  system  utilizes  a  28-foot  flat  circular  main  parachute  with  a  three- 
event,  two-stage  drogue.  Below  250  knots  the  main  canopy  is  deployed  im¬ 
mediately.  Above  250  knots  the  main  parachute  is  deployed  after  a  time  delay. 
The  drogue  performs  in  the  same  manner  as  in  the  other  systems  discussed. 

All  of  the  escape  conditions,  except  condition  6,  are  evaluated  for  the  system 
configuration  and  escape  event  schedule  shown  in  Table  4-9. 
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Figure  4-38.  Traetor  Rockat  Etcapa  Tra)actoria»,  Flight  Condition  1 


Figure  4-38.  Tractor  Rocfcat  Escape  Trafoctoriaa,  Flight  Condition  2 


Figure  4-37.  Tractor  Rocket  Escape  Trajectories,  Flight  Condition  3 
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Figure  440.  Tractor  Rocket  Escape  Trajectories,  Flight  Condition  7 


Figure  441.  Tractor  Rocket  Escape  Trajectories,  Flight  Condition  8 
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Figure  4-42.  Tractor  Roekat  Eioapo  Trajacturire.  Flight  Condition  • 
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Figure  4-43.  Trectoc  Rodwt  Ewpi  Tnjsctartw,  Rt#it  Condition  10 
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Figure  444.  Tractor  Rocket  Etcapa  Trajactoria*.  Flight  Condition  11 


TABLE  4-9.  SYSTEM  V  CONFIGURATION  AND  ESCAPE  EVENT  SCHEDULE 
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CONCLUSION:  TRACTOR  ROCKET 


0  to  450  KEAS 

The  tractor  rocket  system  performs  satisfactorily  in  the  ( 1)  zero  speed- 
zero  altitude,  (3)  low  speed,  descent  with  wings  level,  and  (4)  wings  level  at 
450  KEAS  conditions. 

The  system  shows  poor  performance  in  the  (8)  low  speed  dive,  (9)  maxi¬ 
mum  speed  dive,  and  (10)  low  speed,  60°  bank  and  dive  conditions. 

The  30-ft  and  40-ft  deficiencies  in  minimum  vertical  clearance  for  the 
adverse  attitude  conditions  2,  7,  and  11  could  probably  be  reduced  in  a  dedi¬ 
cated  0  to  450  KEAS  design. 

0  to  600  KEAS 

The  tractor  rocket  system  performs  satisfactorily  in  the  wings  level  at 
600  KEAS  condition  (5).  The  conclusions  stated  for  the  0  to  450  KEAS  tractor 
rocket  system  also  apply  to  the  0  to  600  KEAS  system. 

4.  5. 4  Maximum  and  Intermediate  Performance  Tradeoff  Data 

To  facilitate  the  selection  of  an  escape  system  concept  for  further  develop¬ 
ment  as  a  preliminary  design,  tradeoff  data  were  prepared  for  the  two  intermediate 
and  the  maximum  performance  preferred  concepts.  The  data  is  categorized  as  to 
impact  on  the  MSLPC  ,  escape  system  characteristics,  and  projected  development. 

The  impact  of  the  escape  systems  on  the  MSLPC  is  defined  in  terms  of  space 
required,  compromise  in  cockpit  arrangement,  and  crew  station  complexity.  The 
space  requirement  was  examined  earlier  with  respect  to  the  maximum  performance 
escape  system  concepts.  Since  the  values  are  representative  of  the  baseline 
intermediate  performance  concepts,  the  existing  cockpit  size  data  (see  Figure  4-45) 
can  be  applied  to  the  preferred  concept  tradeoff. 

Aside  from  the  gross  effect  that  the  MSLPC  has  on  the  conventional  aspects  of 
crew  station  design,  the  various  preferred  concepts  have  little  impact  on  cockpit 
arrangement  from  the  standpoint  of  the  physical  relationships  between  the  pilot, 
aircraft,  escape  system,  controls,  and  displays.  Each  concept,  however,  does 
affect  aircraft  structure  and  certain  subsystems  in  different  ways. 
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Figure  4-45.  Escap*  Concept  Impact  on  Cockpit  Size 

The  450  KEAS  Tractor  Rocket  concept  requires  a  structural  support  or 
compartment  for  the  propulsion  rocket  which  is  situated  aft  of  the  pilot,  separate 
from  the  seat,  and  provided  with  an  independent  catapult  mechanism.  A  track 
and  roller  arrangement  provides  for  an  aft  movement  of  the  seat  to  preposition 
the  man  for  extraction.  The  same  position  is  used  for  Ingress/egress  through 
selective  control  of  independently  powered  forward  and  aft  travel. 

The  600  KEAS  Curved  Track  concept  requires  a  more  elaborate  (curved) 
track/roller  arrangement  to  preposition  the  sea/man  mass  for  separation.  The 
tracks  and  associated  structural  support  constrain  elbow  movement  to  some 
extent,  but  do  not  prevent  access  to  any  control  console  or  panel  area. 

The  687  KEAS  Supine  Concept  has  minimal  effect  on  crew  station 
arrangement,  but  does  Impose  penalties  on  the  aircraft  in  terms  of  weight  and 
complexity  resulting  from  the  requirement  to  jettison  the  windshield,  canopy, 
and  instrument  panel  prior  to  ejection. 
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The  evaluation  of  the  escape  system  concepts  for  the  selection  of  preferred 
concepts  for  each  of  the  0  to  450,  0  to  600,  and  0  to  687  speed  ranges  was 
conducted  on  the  basis  of  data  summarized  in  Table  4-10  (Minimum  Vertical 
Clearance),  Table  4-11  (Concept  Configuration  Tradeoff),  and  Table  4-12 
(Concept  Performance  Tradeoff). 

In  review  of  the  escape  concept  tradeoff,  the  lowest  (best)  rating  of  62  is. 
recorded  by  the  standard  tractor  rocket  for  both  the  450  and  600  KEAS  systems. 

A  very  close  second  is  the  supine  concept  with  the  vertical  steering  rocket  system, 
at  a  rating  of  63.  The  physiological  problems  of  limb  flailing  that  could  occur  at 
high  speed  with  the  tractor  rocket,  coupled  with  the  problem  of  finding  the  optimum 
rocket  launch  angle  that  gives  the  best  low  speed  trajectories  and  adequate  tail 
clearance  at  high  speed,  relegates  this  system  to  the  0  to  450  KEAS  regime.  The 


TABLE  4-10.  MINIMUM  VERTICAL  CLEARANCE.  FT 


FLIGHT 

CONDITION 

0  TO  460  KEAS 

0  TO  600  KEAS 

OTO  687 
KEAS 

mm 

13 

TRACTOR 

ROCKET 

CURVED 

TRACK 

— 

TRACTOR 

ROCKET 

CURVED 

TRACK 

1 

PREFERRED 

CONCEPT 

STO 

VS 

Cl 

VS 

Cl 

VS 

STD 

VS 

E3 

19 

E3 

E3 

1 

0 

- 

791 

E 

791 

0 

0 

- 

D 

0 

791 

0 

0 

- 

2 

40 

- 

56 

1 

56 

0 

40 

- 

0 

56 

0 

0 

0 

3 

276 

- 

326 

1 

326 

SO 

276 

- 

326 

50 

325 

50 

50 

300 

4 

0 

- 

89 

69 

0 

0 

- 

69 

0 

m 

0 

0 

- 

S 

O 

- 

86 

E 

68 

0 

0 

- 

0 

0 

0 

- 

6 

- 

- 

- 

- 

- 

- 

- 

■ 

- 

- 

0 

- 

7 

240 

- 

266 

22 

266 

22 

240 

- 

D 

22 

B 

22 

22 

8 

810 

- 

634 

312 

634 

312 

810 

- 

634 

312 

634 

312 

312 

9 

670 

- 

613 

534 

613 

534 

- 

613 

534 

613 

534 

534 

10 

880 

- 

664 

374 

684 

374 

- 

664 

374 

664 

374 

374 

EE 

11 

630 

- 

704 

704 

a 

630 

- 

704 

□ 

704 

758 

B 

NOTES:  STD  -  STANDARD;  FR  •  FIXED  ROCKET;  VS  -  VERTICAL  STEERING. 

MIN  ALT  ON  TRACTOR  GRAPHS  (SYSTEM  V)  DEPICTS  MAIN  PARACHUTE 
OPENING.  ABOVE  CHART  ADOS  30  FT  ALT  FOR  STEADY-STATE  (30  F.P.a  TOTAL/ 
24  F.P.S.  VERTICAL)  CONDITION. 
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supine  concept  affords  more  capability  regarding  limb  restraint  and  utilizes  a  high 
impulse  long  burning  rocket  that  gives  sufficient  tail  clearance  at  high  speeds. 

In  summation,  the  vertical  steering  or  the  vector  control  supine 
(System  IV)  concept  was  the  choice  in  the  earlier  0  to  687  KEAS  evaluation. 

The  vertical  steering  supine  (System  III)  concept  is  chosen  as  the  0  to 
600  KEAS  system.  The  tractor  rocket  (System  V)  concept  is  selected  as  the 
0  to  450  KEAS  system. 

4.  5.  5  Preferred  Concept  Selection 

The  selection  of  one  of  the  three  preferred  concepts  was  necessary  to 
develop  further  as  a  preliminary  design.  The  systems  recommended  as  preferred 
concepts  for  the  intermediate  and  maximum  performance  envelopes  are  described 
as  follows: 

•  System  V  (Zero  to  450  KEAS)  -  The  system  utilizes  a  0. 50-second  ex¬ 
traction  rocket  that  has  a  peak  thrust  of  2000  pounds.  Drogues  are  not 
deployed  below  250  KEAS.  The  data  shown  in  Table  4-13  were  prepared 
to  assist  in  the  selection  of  a  preliminary  design  concept . 

e  System  m  (Zero  to  600  KEAS)  -  The  system  utilizes  a  2. 00-second, 

upward-seeking  rocket  that  has  a  peak  thrust  of  5000  pounds.  Drogues 
are  not  deployed  below  250  KEAS 

•  System  IV  (Zero  to  687  KEAS)  -  The  system  utilizes  a  2. 00-second, 
upward-seeking  rocket  that  has  a  peak  thrust  of  5000  pounds.  From 
600  to  687  KEAS  the  upward-seeking  circuit  is  turned  off  and  the  rocket 
performs  a  vector  control  function  only.  Drogues  are  not  deployed  be¬ 
low  250  KEAS. 

4.6  PRELIMINARY  DESIGN 

The  Supine  Concept  (System  IV)  was  selected  as  the  preferred  concept 
for  development  as  a  preliminary  design  (Subsection  4.6.2).  A  review  of  the 
aerodynamic  performance  capability,  in  conjunction  with  the  preliminary  design 
effort,  was  considered  necessary  to  establish  the  final  system  configuration. 
The  review  includes  a  reexamination  of  the  11  flight  conditions  as  well  as  time 
histories  of  angular  seat  motion  and  body  axis  G  on  the  crewman  throughout 
the  ejection. 
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TABLE  4-13.  PREFERRED  CONCEPT  SELECTION  TRADEOFF  DATA 


450  KEAS 

900  KEAS 

887  KEAS 

SYSTEM  V 
TRACTOR 

SYSTEM  III 
SUPINE  VSC 

SYSTEM  IV 

SUPINE  VSC/TYC 

1.  IMPACT  OF  CONCEPT  ON  MSLPC 

COCKPIT  VOLUME  (FT3) 

51 .6 

42.6 

42 & 

COCKPIT  ARRANGEMENT 

MINIMAL 

NONE 

NONE 

COMPLEXITY 

LOW 

MODERATE 

MODERATE 

2.  SYSTEM  CHARACTERISTICS 

PERFORMANCE 

STABILITY  (+/-) 

INHERENT 

• 

TVC 

SUSTAINED  +GZ  (UNIT) 

16 

11J*» 

11 J 

HIGH  ALT 

GOOD 

GOOD 

GOOD 

LOW  ALT 

GOOD 

EXCEL 

EXCEL 

ADVERSE  ATTITUDE 

GOOD 

EXCEL 

EXCEL 

(MIN  DIST) 

WEIGHT  (EJECTEO)  (LB) 

494 

521 

521 

COMPLEXITY 

NO.  OF  MODES 

4 

4 

4 

NO.  OF  SENSORS 

1 

1 

2 

NO.  OF  INITIATORS 

5 

4 

4 

COST  (SYS  S) 

BASE  (42,000) 

+38828 

+40375 

3.  PROJECTED  DEVELOPMENT 

DEVELOPMENT  (YEARS) 

2 

4 

4 

COST  (S) 

27M 

48M 

63M 

RISK  (HI/LO) 

MOOERATE 

MOOERATE 

MOOERATE 

*480  AND  600  KEAS  EVALUATIONS  WERE  CONDUCTED  WITH  THE  THRUST  VECTOR  THROUGH  THE  C.G. 
OF  98  PERCENTILE  CREWMAN.  FURTHER  STABILITY  ANALYSIS  OF  ENTIRE  PILOT  POPULATION  IS 
NECESSARY. 

••PROJECTED  ON  BASIS  OF  OPTIMIZED  BOOST,  ROCKET  IGNITION,  THRUST,  ANO  PENDANT  LENGTH. 
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Seat  Booster 


The  boost  system  designed  for  the  supine  seat  is  gas-operated  and  utilizes 
one  10-inch  telescoping  catapult ,  to  effect  a  satisfactory  ejection  of  the  seat 
from  the  aircraft.  The  seat  translates  upward  and  rotates  about  the  two  upper- 
aft  adjustment  rollers.  At  the  end  of  the  stroke,  the  seat  is  released  from  the 
aircraft  and  is  in  free  flight ,  propelled  at  that  point  by  the  rocket  which  is 
attached  to  the  seat.  As  the  seat  enters  the  airstream,  it  possesses  an  up¬ 
ward  velocity  relative  to  the  aircraft  and  an  aft  pitch  rate  as  a  result  of  forces 
applied  to  the  seat  by  the  boost  system.  The  primary  function  of  a  seat  boost 
system  is  to  produce  a  clean  separation  between  the  seat  and  its  parent  air¬ 
craft  under  the  most  severe  ejection  conditions.  It  should  be  noted  that  this 
study  did  not  consider  the  effects  of  aircraft  acceleration  on  the  boost  system 
performance.  It  is  also  advantageous  to  boost  the  seat  to  its  exit  position  in 
the  shortest  possible  time,  since  the  longer  the  seat  remains  with  the  aircraft 
the  more  hazardous  the  ejection.  It  is  evident  that  the  higher  the  exit  velocity 
of  the  seat ,  the  cleaner  the  separation  will  be  and  the  least  amount  of  time  will 
be  spent  with  the  aircraft.  Therefore,  it  was  important  to  determine  how  high 
a  velocity  the  supine  seat  could  tolerate.  For  conventional  upright  escape 
seats,  the  exit  velocity  is  restricted  to  preclude  injuries  to  the  spine  due  to 
the  boost  force  applied  to  the  seat.  However,  this  is  not  the  case  for  the 
supine  seat  since  the  crewman  can  accept  many  more  G  axially  than  he  can 
through  his  spine.  It  was  thought  initially  that  higher  exit  velocities  could  re¬ 
sult  in  more  altitude  required  for  adverse  attitude  ejections.  However,  a  study 
made  by  varying  the  exit  velocities  for  adverse  attitude  ejections  showed  that  the 
required  altitude  was  relatively  Insensitive  to  the  exit  velocities.  It  became 
evident  that  the  maximum  exit  velocity  would  be  restricted  only  by  the  design  of 

the  boost  system.  At  this  point  in  the  investigation  the  boost  mechanism  had 
not  been  completely  defined ,  and  it  was  necessary  to  select  a  nominal  system 

to  complete  the  trajectory  analysis.  A  4 0-foot -per -second  exit  velocity  was  chosen 
which  corresponded  closely  with  conventional  boost  systems.  These  boost 
characteristics  are  presented  in  Figure  4-46  and  were  utilized  for  this  study. 

It  should  be  noted  that  at  the  completion  of  the  final  boost  system  design, 
the  end  velocity  was  estimated  to  be  20  foet  per  second.  These  results  will  not 
alter  any  of  the  conclusions  reached  with  the  40 -foot-per- second  booster. 
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As  noted  previously,  the  seat  in  its  travel  to  the  exit  position  is  rotated  to 
a  horizontal  attitude.  At  the  exit  position  the  seat  possesses  a  positive  pitch  rate 
of  approximately  500°  per  second.  For  ejections  at  high  speed  flight  conditions, 
this  positive  pitch  rate  results  in  a  favorable  design  feature,  since  the  aero¬ 
dynamic  moment  on  the  seat  as  it  enters  the  airstream  tends  to  pitch  the  seat 
negatively.  The  rocket  control  system  will  counter  this  moment  so  that  the 
seat  maintains  a  horizontal  attitude  for  wind  blast  protection.  Therefore,  the 
positive  pitch  rate  resulting  from  the  boost  system  will  assist  the  rocket  in 
maintaining  a  favorable  attitude.  However,  since  the  computer  analyses  were 
performed  prior  to  the  completion  of  the  final  boost  system  design,  this  beneficial 
effect  was  not  included  in  the  simulations. 

Rocket  Propulsion  Characteristics 

The  primary  functions  of  the  rocket  propulsion  system  are  to  provide  the 
force  necessary  to  propel  the  seat  clear  of  all  aircraft  structure  and  to  provide 
the  force  required  for  in-flight  attitude  control  for  ejections  throughout  the  escape 
envelope.  The  basic  character  of  the  thrust  time  history  was  developed  during 

the  performance  evaluation  presented  in  Subsection  4. 4.  This  analysis  was 
limited  to  the  high  speed  environment  where  pitch  plane  trajectories  were  cal¬ 
culated  and  heat  booster  characteristics  were  not  included.  Under  these 
assumptions  the  criterion  utilized  to  evaluate  the  thrust  characteristics  was 
seat  tail  clearance.  To  meet  this  criterion,  a  500&- pound  peak  thrust  with  a 
relatively  fast  onset  rate  was  required.  A  thrust  duration  of  2  seconds  was 
used  for  this  phase  in  anticipation  of  ejections  at  adverse  attitude  and  dive 
conditions.  During  the  intermediate  performance  envelope  evaluation,  present¬ 
ed  in  Subsection  4. 5,  ejections  at  adverse  attitudes  and  dive  conditions  were 
studied  more  closely.  The  2-second  duration  requirement  was  verified  during 
this  investigation  and  the  fast  onset  rate  required  for  tail  clearance  at  high 
speed  was  also  beneficial  for  improving  the  seat  performance  under  adverse 
attitude  and  dive  conditions.  The  preliminary  design  phase,  presented  in  this 
subsection,  investigates  ejections  of  the  supine  seat  throughout  the  maximum 
performance  envelope  with  all  the  subsystems  operating.  It  was  found  that  the 
seat  boost  system  reduced  the  reliance  on  the  rocket  thrust  for  tail  clearance 
at  high  speed;  however,  beneficial  effects  on  seat  performance  under  adverse 


attitude  and  dive  conditions  were  not  altered  when  the  seat  boost  system  was 
included.  The  rocket  thrust  characteristics  were,  therefore,  retained  for  the 
preliminary  design  phase  and  are  presented  as  a  function  of  time  in  Figure  4-47. 

Rocket  Control  System 

The  supine  seat  rocket  system  contains  a  blended  autopilot  consisting  of 
a  vertical  steering  control  system  (VSC)  which  is  activated  below  600  KEAS  and 
a  thrust  vector  control  system  (TVC)  which  is  activated  above  600  KEAS. 

The  purpose  of  the  VSC  system  is  to  select  a  vertical-up  ejection  trajectory 
for  an  escape  seat,  irrespective  of  aircraft  attitude  at  initiation  of  ejection. 

This  system  will  adequately  compensate  for  CG  variations  corresponding  to  the 
pilot  population  and  for  rotational  rates  generated  by  the  seat  booster.  The 
benefits  of  employing  the  VSC  system  has  been  demonstrated  dramatically 
in  Subsection  4.  S  of  this  report  where  the  minimum  altitude  requirements 
for  adverse  attitude  and  dive  conditions  have  been  substantially  reduced 
compared  to  a  conventional  fixed  rocket  system. 

The  purpose  of  die  TVC  system  Is  to  provide  the  necessary  wind  blast 
protection  by  maintaining  the  attitude  existing  at  the  cockpit  exit  position  at  the 
time  of  ejection.  The  wind  blast  protection  is  provided  by  carefully  positioning 
the  seat  with  its  back  horizontal  to  the  airstream  along  its  flight  trajectory. 

This  protection  is  required  at  speeds  above  approximately  600  KEAS.  This 
speed  was  a  nominal  figure  representative  of  the  upper  limit  of  most  conventional 
seats. 


It  should  be  noted  that  the  two  control  systems,  TVC  and  VSC,  are  diametric¬ 
ally  opposed  under  certain  flight  conditions  and  identical  under  others.  For  example, 
if  an  ejection  takes  place  while  the  aircraft  is  inverted  the  TVC  system  would 
maintain  the  seat  in  the  inverted  attitude  allowing  the  rocket  thrust  to  drive  the 
seat  and  crewman  toward  the  ground.  If  the  VSC  system  were  called  under  these 
same  conditions  the  autopilot  would  respond  by  rolling  the.  seat  upright  which  would 
direct  the  thrust  vector  in  a  vertical  upward  direction.  If  an  ejection  occurred 
while  the  aircraft  was  in  a  wings  level  attitude,  both  the  TVC  and  VSC  systems 
would  respond  identically  by  maintaining  the  level  attitude.  It  is  obvious  that 
neither  system  alone  can  satisfy  all  the  requirements.  If  the  TVC  system  were 
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Figure  447.  Rockat  Thrust  Tima  History 


utilized  throughout  the  speed  regime,  ejections  under  adverse  attitude  and  dive 
conditions  would  be  severely  limited.  If  the  VSC  system  were  utilized,  the  crew¬ 
man  would  not  have  adequate  wind  blast  protection  under  all  conditions  in  the  high 
speed  environment  making  ejections  above  600  KEAS  hazardous.  It  is  for  these 
reasons  that  the  blended  system  of  TVC  above  600  KEAS  and  VSC  below  600  KEAS 
was  proposed. 

Drogue  Parachute  System 

The  supine  seat  utilizes  a  single  2-foot  diameter  hemisflow  drogue  which 
is  deployed  1.505  seconds  from  the  end  of  the  boost  stroke  for  all  ejections 
irrespective  of  flight  condition.  The  drogue  is  utilized  at  all  speeds  to  provide 
continuous  attitude  control  between  rocket  burnout  and  main  chute  deployment. 
During  the  early  phases  of  the  program  a  two-stage  system  was  contemplated 
for  the  supine  seat  similar  to  those  utilized  in  conventional  upright  ejection 
seats.  The  first  stage  being  a  large  chute  which  assures  attitude  stabilization 
at  low  speeds  and  collapses  to  a  smaller  second  stage  drogue  (approximately 
2  foot  diameter)  at  high  speeds.  It  became  evident  that  the  larger  first  stage 
drogue  was  not  required  for  the  supine  seat  primarily  because  of  the  rocket 
control  system  which  alleviates  any  large  displacements  and  rates  of  the  seat 
prior  to  drogue  deployment.  This  is  not  true  of  the  conventional  seat  which 
depends  completely  on  the  drogue  system  to  control  the  seat  following  the  fixed 
rocket  thrusting.  The  2-foot  diameter  canopy  was  selected  during  the  perfor¬ 
mance  evaluation  phase  presented  in  Subsection  4.4.  This  size  drogue  was 
found  large  enough  to  provide  sufficient  attitude  control  at  high  speed  between 
rocket  burnout  and  main  chute  deployment  with  minimum  deceleration.  During 
the  preliminary  design  phase  presented  in  this  subsection,  the  2-foot  canopy 
drogue  has  demonstrated  similar  control  prowess  for  the  low  speed  adverse 
attitude  flight  conditions.  The  2-foot  diameter  drogue  was  not  evaluated  in 
terms  of  its  capability  to  stabilize  the  seat /man  combination  during  descent  from 
high  altitude  (above  15, 000  feet)  following  a  high  altitude  ejection. 

Main  Parachute  System 

The  main  chute  system  utilizes  a  conventional  28-foot  flat  circular  para¬ 
chute.  At  a  specified  time  (3.35  seconds)  after  the  seat  reaches  the  end  of 
the  catapult  stroke,  the  drogue  chute  deploys  the  main  chute  from  its  pack. 
This  time  was  established  so  that  parachute  line  stretch  would  occur  below  250 
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KEAS  for  the  high  speed  ejection  (687  KEAS ,  sea  level).  This  timing  guar¬ 
antees  that  the  main  chute  openings  for  all  flight  conditions  will  occur  at  speeds 
less  than  250  KEAS  and  the  parachute  will  remain  intact. 

4.6.1  Supine  Seat  Performance 

The  supine  seat  performance  was  evaluated  by  calculating  trajectories  and 
time  histories  for  each  of  the  11  flight  conditions  analyzed  in  Subsection  4.4. 
These  calculations  differ  from  the  previous  ones  in  that  the  seat  catapult  char¬ 
acteristics  were  included  in  the  total  escape  sequence.  The  results  presented 
here  represent  a  preliminary  design  effort  of  the  total  system.  (A  listing  of 
these  escape  conditions  can  be  found  in  Table  4-6.)  Tables  4-14  presents  an 
event  schedule  associated  with  a  supine  seat  ejection.  A  lettered  symbol  is 
assigned  to  each  event  in  this  schedule  and  the  corresponding  symbols  can  be 
found  on  each  trajectory  plot,  thereby  locating  the  seat  spatially  at  the  event 
time.  It  should  be  noted  that  time  zero  is  shown  to  occur  at  seat  boost  initia¬ 
tion  which  represents  escape  initiation  as  far  as  the  computer  calculation  is 
concerned.  In  reality,  escape  initiation  occurs  0.4  seconds  prior  to  that,  at 
which  time  the  canopy  is  jettisoned. 

The  performance  results  are  presented  in  the  form  of  spatial  plots  and 
time  histories.  For  each  ejection  a  trajectory  is  presented  in  the  pitch  plane 
and  in  the  lateral  plane  where  applicable.  In  addition,  time  histories  are 


TABLE  +14.  EVENT  SCHEDULE,  SUPINE  CONCEPT  EJECTION 


SYMBOL 

EVENT 

TIME.  SEC 

A 

ESCAPE  INITIATION 

SEAT  BOOST  INITIATION 

0 

a 

ENO  OF  STROKE 

ROCKET  THRUST  INITIATION 

0.2;' 

c 

DROGUE  DEPLOYMENT 

1.725 

0 

DROGUE  LINE  STRETCH 

1.81 

E 

ROCKET  BURNOUT 

2.22 

F 

MAIN  CHUTE  DEPLOYMENT 
MAN/SEAT  SEPARATION 

3.57 

G 

MAIN  CHUTE  LINE  STRETCH 

4.82 

H 

TERMINAL  SPEED 

- 
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plotted  for  the  seats'  angular  displacements  in  pitch,  roll,  and  yaw  (Figure 
4-4S) ,  as  well  as  the  crewman's  body  G  (spinal,  axial,  and  lateral).  The  fol¬ 
lowing  is  a  discussion  of  the  results  of  each  of  the  11  flight  conditions,  calcu¬ 
lated  for  the  supine  seat. 

Flight  Condition  1  -  The  results  of  the  zero-zero  ejection  are  shown  in  Figure 
4-49.  The  trajectory  reaches  an  apogee  of  1230  feet,  at  which  height  the  crew¬ 
man  has  no  difficulty  in  descending  safely  to  the  ground.  The  pitch  attitude 
of  the  seat  is  maintained  at  zero  degrees  (back  horizontal  to  ground)  by  virtue 
of  the  vertical  steering  rocket  for  the  first  two  seconds  of  the  trajectory.  As 
the  rocket  burns  out,  the  drogue  chute  is  deployed  and  aligns  the  3eat  with 
the  velocity  vector  (approximately  90°).  The  next  event  to  occur  is  the  man/ 
seat  separation  and  main  chute  deployment.  This  is  followed  by  parachute  line 
stretch  at  approximately  4.8  seconds,  at  which  time  the  crewman  begins  his 
rotation  through  the  apogee  of  the  trajectory  and  back  down  to  the  ground. 
Throughout  the  entire  trajectory  the  attitude  of  the  supine  seat  is  fully  con¬ 
trolled,  first  by  the  seat  rocket  and  then  by  the  drogue  chute.  Finally,  the 
time  history  of  the  G  on  the  crewman  shows  a  peak  of  10  G  in  the  axial  direction 
produced  by  the  rocket  force,  and  negative  3.6  G  along  the  spine  from  the 
main  parachute. 


Figure  4-48.  S«(t/Man  Angular  Ditplacamants 
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Figure  4-4&  Flight  Condition  1 ,  Supine  Concept  Performance 


Flight  Condition  2  -  This  flight  condition  simulates  an  ejection  from  an  aircraft 
as  it  impacts  with  the  ground  at  a  60°  bank  angle  and  a  forward  velocity  of  120 
knots.  The  results  of  this  run  are  presented  in  Figure  4-50.  The  trajectory 
trace  shows  an  apogee  of  1025  feet  and  a  lateral  displacement  of  450  feet,  which 
were  quite  adequate  to  meet  the  requirements  for  the  ground  level  ejection. 

The  figure  shows  the  quick  roll  recovery  accomplished  by  the  VSC  system 
where  the  supine  seat  rolls  60°  in  less  than  1  second.  All  angular  motions  of 
the  seat  are  stabilized  throughout  the  trajectory  and  the  transitions  are  smooth 
between  rocket  and  parachute  changeovers.  The  body  G  in  the  three  axes  are 
presented  and  show  no  unusual  problems. 

Flight  Condition  3  -  An  escape  from  a  low  speed,  10,000-foot-per-minute 
descent  is  presented  in  Figure  4-51.  MIL-S-9479B  allows  300  feet  to  accomplish 
an  escape  under  these  conditions;  63  feet  is  all  that  the  supine  seat  required 
for  a  safe  recovery.  The  seat  rocket  in  the  VSC  mode  maintains  a  horizontal 
attitude  while  the  rocket  thrust  directed  vertically-up  retards  the  sink  rate 
and  then  propels  the  seat  630  feet  high. 

Flight  Conditions  4,  5,  a  6  -  Flight  conditions  4,  5,  and  6  simulate  wings  level 
high  speed  ejections  (450,  600,  and  687  KEAS)  and  are  presented  in  Figures 
4-52  to  4-54.  The  ejections  for  all  three  flight  conditions  resulted  in  safe  tra¬ 
jectories  .  A  close-up  look  at  each  trajectory  indicated  a  clean  seat  aircraft 
separation  with  the  seat  passing  well  above  the  aircraft  tail.  The  second  area 
of  concern  was  whether  the  pitch  attitude  of  the  seat  could  be  controlled,  under 
these  high  dynamic  pressure  conditions,  by  the  VSC  and  TVC  rocket  control 
systems.  The  figures  show  that  this  was  the  case,  and  a  smooth  transition 
occurred  throughout  the  trajectories.  The  body  G  experienced  by  the  crewman 
were  maximum  for  the  high  speed  case  (687  KEAS)  shown  in  Figure  4-54.  A 
maximum  level  of  approximately  10  G  along  the  spinal  direction  are  experienced 
due  to  the  drag  on  the  seat  as  it  enters  the  airstream.  This  decreases  until 
the  main  chute  is  inflated  and  approximately  25  G  in  the  spinal  direction  are 
felt  through  the  parachute  harness  from  the  opening  force  of  the  parachute. 

Flight  Condition  7  -  Flight  condition  7  simulates  an  ejection  of  a  supine  seat 
from  an  aircraft  flying  inverted  at  a  speed  of  150  knots.  The  results  of  this 
ejection  are  presented  in  Figure  4-55.  MIL-S-9479B  allows  a  maximum  of  200 
feet  to  accomplish  a  safe  ejection  under  these  flight  conditions.  The  supine 
seat  accomplished  this  task  from  66  feet ,  during  which  time  the  roll  command 
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from  the  autopilot  restored  the  seat  to  an  upright  attitude  and  stopped  the 
descent.  The  effect  of  the  roll  command  can  be  seen  clearly  in  that  the  seat 
rolls  180*  in  less  than  one  second. 

Flight  Condition  8  -  An  ejection  from  a  60*  low  speed  dive  condition  was 
simulated  and  it  demonstrated  that  a  minimum  altitude  of  300  feet  is  needed 
for  a  safe  egress  under  this  condition.  This  is  well  within  the  MIL-S-9479B 
requirement  of  500  feet.  Figure  4-56  presents  the  simulated  trajectory;  it  can 
be  seen  from  this  spatial  plot  that  even  though  the  man-seat  system  never 
recovered  to  its  initial  altitude,  the  rocket,  through  its  autopilot  in  the  VSC 
mode,  was  still  able  to  halt  the  descent  and  regain  50  feet  in  altitude.  The 
figure  presents  the  time  history  of  the  pitch  attitude  of  the  man-seat  system. 

This  plot  reflects  the  quick  response  of  the  pitch  mode;  in  a  little  over  0. 5 
second,  the  seat  rotates  from  -60*  to  0*  attitude. 

Flight  Condition  9  -  Flight  condition  9  simulates  an  escape  from  an  aircraft 
while  in  a  450-knot  high  speed  dive  and  an  attitude  of  30*  nose  down.  The 
result  of  this  ejection  is  shown  in  Figure  4-57.  MIL-S-9479B  requires 
this  escape  to  be  initiated  at  an  altitude  of  less  than  500  feet,  whereas  the 
supine  seat  required  595  feet  to  eject  the  crewman  and  safely  land  him  on  the 
ground.  At  this  stage  in  the  development  of  an  ejection  seat  system  it  is  not 
uncommon  that  all  specifications  are  not  met.  Further  optimization  of  the 
system  will  provide  results  that  satisfy  the  requirements.  For  example, 
under  adverse  attitude  and  dive  conditions,  a  better  blend  between  the  VSC 
system  response  and  the  rocket  thrust  curve  is  required,  such  that  the  seat 
will  take  advantage  of  the  rocket  thrust  when  it  is  aimed  in  the  proper  direction. 

Flight  Condition  10  -  This  is  a  60*  low  speed  dive  with  the  aircraft  banked  at 
60°  right  wing  down.  Figure  4-58  presents  the  computed  trajectory.  The 
minimum  altitude  required  to  reach  terminal  speed  was  400  feet.  The  MIL- 
S-9479B  limit  is  550  feet. 

Since  this  condition  involved  both  pitch  and  roll  attitudes ,  the  resultant 
motion  and  trajectory  were  in  the  lateral- directional  was  well  as  in  the  pitch 
planes.  In  this  situation,  the  autopilot  sensor,  utilizing  the  data  obtained  from 
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the  gyro,  issued  the  appropriate  pitch  and  roll  commands  to  the  rocket  to 
rotate  the  seat  to  an  upright  attitude. 

The  seat  attained  the  desired  attitude  within  1  second  after  ejection  from 
the  aircraft.  Since  the  autopilot  system  operates  on  inertial  angular  displace¬ 
ments  and  rates,  the  roll  and  pitch  commands  coupled  to  bring  about  significant 
yawing  motion  as  well. 

Flight  Condition  11  -  This  flight  condition  is  the  most  severe  of  the  series  and 
consists  of  an  aircraft  in  a  45°  dive  while  inverted  at  a  speed  of  250  knots.  The 
results  of  this  simulation  is  presented  in  Figure  4-59.  The  maximum  altitude 
allowed  by  MIL-S-9479B  for  this  flight  condition  is  500  feet.  From  the  computer 
calculation  it  was  determined  that  the  supine  seat  requires  900  feet  to  effect  a 
safe  escape.  Once  again,  this  deficiency  can  be  improved  upon  by  means  of 
optimizing  the  system.  The  figure  shows  the  time  histories  of  the  seats'  angular 
displacement  in  pitch,  roll,  and  yaw.  The  seat  is  rolled  and  pitched  to  an 
upright  attitude  in  less  than  1  second  where  the  roll  motion  is  completed  first , 
followed  by  the  pitch.  The  seat  yaws  as  a  result  of  the  coupling  action  between 
the  pitch  and  roll  motion;  however,  this  does  not  constitute  a  problem  in  terms 
of  the  escape  sequence. 

4.6.2  Supine  Escape  Systems  Design 

The  preliminary  design  of  the  supine  escape  system  was  based  on  the 
geometry  established  in  the  MSLPC  baseline  configuration .  Major  subsystems 
consist  of  the  supine  seat  assembly,  catapult  /boost  system,  and  windshield/ 
canopy  assembly  shown  in  Figure  4-60.  The  supine  seat  assembly  and  subsys¬ 
tem  components  are  shown  in  Figure  4-61. 

4.6. 2.1  Escape  System  Operation  -  The  escape  sequence  (Figure  4-62)  is  initi¬ 
ated  by  actuation  of  either  or  both  side-mounted  ejection  control  handles  which 
fires  L.H.  and  R.H.  gas  generators  (Figure  4-63).  The  gas  travels  to  the 
safe  and  arm  device  located  on  the  headrest,  the  aircraft  disconnect  behind 
the  headrest  and  the  pilot  restraint  system.  The  gas  actuates  the  shoulder 
harness  restraint  reel  and  limb  restraint  reel  (Figure  4-64),  taking  up  the 
slack  in  the  harness  and  limb  cords  (Figure  4-65)  and  pulling  the  feet  into  a 
recess  in  the  forward  end  of  the  seat  and  the  arms  into  the  side  of  the  seat 
without  breaking  the  hand  grips.  Inflatable  body  containment  components  are 
actuated  simultaneously. 
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EJECTION  SEQUENCE 

t.  SYSTEM  INITIATION 

2.  CANOPY  JETTISON 

3.  CATAPULT  INITIATION 

4.  ROTATION  UP  AFT 

5.  ROCKET  IGNITION 

6.  ROCKET  BURN 

7.  DROGUE  OEPLOY 

8.  ROCKET  BURNOUT 

9.  MAIN  CANOPY  DEPLOYMENT 

10.  MAIN  CANOPY  LINE  STRETCH 

1 1 .  PARACHUTE  F IRST  OPEN 
(2.  MAN/SEAT  SEPARATION 

13.  TRANSLATION  TO  STEADY  STATE 

14.  VERTICAL  DESCENT/ 

KIT  DEPLOYED 


Flgurt  4-62  Ejection  Skrimc* 
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System  initiation  gas  continues  traveling  from  the  seat /aircraft  disconnect 
to  the  forward  canopy  hinge  pins ,  actuating  the  disengagement  of  both  (Figure 
4-66).  The  rocket  thrusters  located  in  each  side  of  the  canopy  frame  are  initi¬ 
ated  and  the  windshield,  instrument  panel,  and  canopy  are  disconnected  from 
the  aircraft,  rotating  aft  about  integral  retention  points.  A  predetermined 
point  in  the  separation  path  of  the  canopy  is  sensed  by  the  safe /arm  unit  which 
allows  the  catapult  gas  generator  to  fire. 

The  catapult  drives  the  seat  upward  in  an  arc  rotating  about  the  upper 
seat  adjustment  rollers  which  are  fixed  in  place  by  the  seat  actuator.  As  the 
seat  begins  separation,  an  attached  cable  breaks  the  seat /aircraft  disconnect 
and  activates  a  gas  generator  which  initiates  the  drogue  gun  timer,  parachute 
release  timer,  and  the  rocket  motor  (Figure  4-67).  The  attached  cable  is  fully 
extended  as  the  seat  reaches  a  position  parallel  to  the  aircraft  longitudinal 
axis  and  actuates  a  gas-operated  roller  pin  release  mechanism  which  disengages 
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Figure  4-67.  tyttam  Schematic,  Aireraft/Swt  Separation 


the  seat-man  mass  for  free  flight  under  the  guidance  and  control  system  (Fig¬ 
ure  4-68) . 

The  aircraft  inertial  platform  is  connected  electrically  to  the  ejection  seat 
via  the  seat  /aircraft  disconnect .  A  rate  gyro  on  the  seat  operates  continually 
when  the  aircraft  is  in  operation.  Two  batteries  are  utilized  for  instantaneous 
electrical  requirements  and  two  additional  batteries  attain  full  strength  by  the 
time  the  seat  has  rotated  to  the  launch  position .  A  speed  sensor  detects  aircraft 
speed  up  to  the  time  of  seat/aircraft  disconnect  separation.  If  the  aircraft 
speed  is  below  600  knots,  the  seat  will  be  locked  in  the  vertical  steerinq  mode; 
if  the  aircraft  speed  is  above  600  knots  the  seat  will  be  locked  in  the  vector 
control  mode.  Either  the  upward  ejection  electronics  or  vector  control  electronics 
will  send  signals  to  the  roll  and  pitch  servos  that  in  turn  will  operate  the  roll  and 
pitch  actuators  and  direct  the  rocket  to  thrust  in  a  prescribed  manner.  If  the 
circuitry  malfunctions,  the  electronics  will  lock  the  servo  unit  in  the  neutral 
position. 

The  drogue  gun  fires  at  a  predetermined  time  and  the  drogue  chute  is 
deployed.  After  rocket  burnout  and  deceleration,  the  main  parachute  and  restraint 
release  systems  are  activated  (Figure  4-69).  A  gas  generator  unlocks  the  lap 
belt  on  both  sides  and  activates  a  guillotine,  severing  the  limb  restraint  lines  and 
shoulder  restraint  webbing.  As  the  drogue  is  released,  the  main  parachute  is 
withdrawn  and  deployed.  With  all  body  restraints  released,  main  chute  deceleration 
causes  the  seat  and  man  to  separate  and,  on  attaining  a  steady  state  condition,  the 
survival  ldt  is  deployed. 

4. 6. 2. 2  Structural  Assembly  -  The  seat  structure  is  composed  of  aluminum  sheet, 
angles,  and  extrusions.  The  assembly  has  been  compartmentalized  to  accommodate 
the  rocket  motor,  survival  kit,  main  and  drogue  parachutes.  Support  surfaces  are 
provided  for  the  head,  back,  and  buttocks.  Seat  adjustment  tracks  are  incorporated 
at  the  front  end  and  rollers  are  incorporated  at  the  upper  aft  end  to  optimize  their 
contribution  to  the  unique  structural  and  operational  requirements.  A  foot  recess 
and  an  inflatable  air  blast  shield  are  an  integral  part  of  the  forward  end. 
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Figure  4-69,  Syttam  Schematic,  Raatraint  Ralaata 
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Although  the  design  of  a  supine  ejection  seat  concept  is  unprecedented,  the 
use  of  many  off-the-shelf  components  is  possible.  The  extent  to  which  existing 
hardware  can  be  used  directly  effects  the  unit  cost  and,  more  significantly, 
the  development  cost.  The  following  off-the-shelf  components  were  identified 
for  use  during  the  supine  escape  system  preliminary  design: 

•  Survival  kit  items 

•  Main  (2 8- foot -diameter)  parachute 

•  Drogue  (2-foot-diameter)  parachute 

•  Ejection  initiation  handles 

•  Drogue  gun 

•  Timing  devices 

•  Batteries 

•  Rate  Gryo 

•  Rocket  thrusters  (for  a/c  canopy  unit  jettison) 

•  Gas  generators 

•  Gas  initiators 

•  Drogue  release  hardware 

•  Speed  sensors 

•  Guillotine. 

4. 6. 2. 3  Seat  System  Structural  Strength  -  The  basic  seat  system  has  been 
examined  with  respect  to  the  primary  requirements  of  MIL-S-9479B  (USAF) , 
Paragraphs  3.6.2.2g  (Crash  Condition)  and  3.6.2.2h  (Ejection  Airload  Con¬ 
dition)  .  Analysis  has  been  performed  for  a  seat  system  weight  of  272  pounds 
with  an  occupant  weighting  215  pounds.  Loads  and  reactions  for  the  crash 
condition  are  described  in  Figure  4-70  and  Table  4-15.  Forward,  downward, 
and  side  components  of  load  are  applied  individually  and  in  combination  at  the 
CG  of  the  occupant  and  seat  system .  Internal  loads  are  described  in  Table 
4-16. 

The  ejection  airloads  and  rocket  thrust  loads  (Figure  4-71)  are  computed 
for  687  KEAS,  and  correspond  to  an  ultimate  dynamic  pressure  of  1600  psf. 
The  ejection  airloads  as  defined  by  MIL-S-9479B  (USAF)  were  not  considered 
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TABLE  4-16.  CRASH  CONDITION,  ULTIMATE  INTERNAL  LOADS 


Figure  471,  Ejection  Airload  and  Rockot  Thru**  Load* 
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because  of  the  unique  reclining  position  at  ejection.  This  4667-pound  load  is 
not  distributed  over  the  seat  back,  but  rather  over  the  bottom  of  the  seat  and 
protective  air  bag  as  exposed  to  the  air  stream.  These  loads  are  combined  with 
an  ultimate  rocket  thrust  of  7500  pounds.  Figure  4-71  shows  how  the  resulting 
normal  load  and  moments  about  the  CG  of  the  seat  and  occupant  are  reacted  as 
a  distributed  trapezoidal  load,  as  shown  in  the  figure.  The  drag  is  also 
assumed  distributed  along  the  length  of  the  seat.  Preliminary  analysis  indicates 
that  the  condition  is  not  critical  for  the  basic  seat  structure  in  comparison  to 
the  crash  load  condition,  except  for  the  rocket  support  structure  and  regions 
of  the  seat  bottom  designed  by  airload  pressures. 

The  seat  structure  is  subject  to  maximum  bending  at  Section  A-A  (Figure 
4-70) ,  and  has  been  sized  as  shown  in  Figure  4-72  for  both  the  vertical  and 
lateral  bending  moments  which  are  incurred  at  the  section. 

4. 6.  2. 4  Canopy  System  -  The  canopy /windshield /instrument  panel  is  a  single 
unit  which  pivots  about  a  hinge  at  the  forward  end  for  normal  ingress  /egress 
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Figure  4-72.  Section  A-A,  SMt  Structure 


and  maintenance.  An  aircraft /canopy  disconnect  carries  electrical,  defog,  and 
ballistic  gas  lines  to  the  canopy.  The  pilot  enters  the  aircraft  below  and  aft  of 
the  canopy  and  actuates  the  "canopy  close"  switch.  The  hydraulic  actuator 
lowers  the  canopy  to  the  sill ,  engaging  the  canopy  lock  pins  and  two  canopy 
jettison  pivot  pins  at  the  top  of  the  aft  bulkhead. 

Canopy  jettison  is  activated  by  any  one  of  three  handles:  the  escape  sys¬ 
tem  initiating  handles  located  in  the  side  panels  of  the  seat ,  the  interior  canopy 
jettison  handle  located  at  the  forward  end  of  the  R.H.  side  console,  or  the 
exterior  canopy  jettison  handles  located  on  each  side  of  the  aircraft  behind 
quick  access  panels .  The  operation  of  one  of  the  jettison  handles  activates  a 
gas  generator  which  supplies  pressure  to  release  the  forward  hinge  pins  and 
initiates  the  firing  of  the  canopy  rocket  thrusters . 
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V.  AIR  VEHICLE  APPLICATIONS 


The  primary  objective  of  this  investigation  was  the  evaluation  of  MSLPC 
escape  system  concepts  and  MSLPC  fighter  applications.  The  MSLPC  baseline 
configuration  is  applied  to  several  fighter  aircraft  configurations  for  an  evaluation 
which  identifies  and  quantifies  (where  possible)  the  benefits  in  terms  of  reduced 
aircraft  size,  drag,  signature,  complexity,  weight,  and  cost. 

5.1  CANDIDATE  CONFIGURATIONS 

The  baseline  air  vehicles  for  the  MSLPC  integration  were  derived  from  the 
fighter  and  penetrator  configurations  associated  with  the  Configuration  Development 
of  Advanced  Fighters  (CDAF)  program.  The  aircraft  are  twin  engined,  canard/wlng 
configurations  with  single  place  cockpits.  The  MSLPC  baseline  aircraft  were 
evaluated  with  and  without  the  CDAF  radar  antenna  in  order  to  measure  unconstrained 
MSLPC  benefits. 

5. 1. 1  Air  Vehicle  Design 

The  cockpit  envelope  in  all  fighter  aircraft  configurations  is  constrained  by 
exterior  vision,  sensor,  and  armament  requirements.  The  application  of  MSLPC  to 
the  baseline  vehicles  has  a  pronounced  effect  on  exterior  vision  with  respect  to  the 
longitudinal  aerodynamic  control  surfaces.  Both  vehicles  are  canard  configured  to 
take  advantage  of  the  enhanced  agility  capability  that  advanced  Automatic  Flight 
Control  System  and  Fly  By  Wire  state-of-the-art  (AFCS/FBW)  offer  with  Relaxed 
Static  Stability  (RSS).  With  the  wing-body  configuration  neutrally  stable,  the  canard 
size  and  its  distance  from  the  CG  (canard  stability  "volume"  contribution)  has  to  be 
adjusted  for  the  proper  instability  level  for  safe  transonic  agility  and  for  supersonic 
cruise  neutral  trim.  The  canard  moment  arm  is  constrained  with  respect  to  the 
minimum  length  necessary  to  avoid  excessive  canard  size  (large  wetted  area  and 
excessive  interference  with  wing  lift  distribution- tandem  wing  effect),  deflections, 
and/or  canard  wing  overlap  (canard  deflection  Interference).  Thus  the  exposed 


153 


canard  is  usually  sized  at  about  15  to  20%  of  the  total  reference  area  and  located 
1. 25  to  1.  50  Mean  Aerodynamic  Chord  (MAC)  lengths  of  the  wing  from  canard 
Center-of-Pressure  (CP)  to  aircraft  Center-of-Gravity  (CG).  With  the  relatively 
large  wings  demanded  by  high  g  maneuver  requirements  combined  with  low  aspect 
ratio  for  supersonic  cruise,  the  mean  aerodynamic  chords  are  quite  large  and  the 
canards  are  thus  driven  forward  along  the  fuselage  in  compliance  with  the  above 
canard  size/location  stipulation. 

In  addition,  vertical  canard  placement  with  respect  to  the  wing  for  beneficial 
mutual  interference ,  and  good  directional  stability  maintenance  with  canard  deflec¬ 
tion  at  high  angles  of  attack,  dictates  that  the  canards  be  inplane  or  slightly  above  the 
wing  chord  plane.  Furthermore,  vertical  canard  placement  is  configuration 
dependent  as  described  in  the  following  subsections. 

5.  L 1. 1  Fighter  Configuration  -  The  aircraft  shown  in  Figure  5-1  reflects  a  canard 
located  slightly  above  the  wing  chord  plane  to  provide  gun  barrel  passage.  The  for¬ 
ward  placement  of  the  canard  above  the  wing  plane  is  combined  with  as  small  a  forward 
fuselage  or  canopy  height  as  possible  for  minimum  wave  drag.  A  large,  steep,  cross- 
sectional  area  progression  not  only  contributes  large  wave  drag  by  Itself,  but  inter¬ 
feres  with  the  attainment  of  an  optimal  Sears-Haack  area  distribution  along  the  body 
length,  and  contributes  to  even  greater  wave  drag.  The  location  of  the  canard  pre¬ 
sents  a  requirement  for  locating  the  cockpit  as  far  forward  as  possible  to  avoid  ex¬ 
tensive  masking  of  vision  by  the  canard  on  die  low  rear  quarter.  The  MSLPC,  with 
its  reduced  height,  can  be  translated  further  forward  than  conventional  cockpits  before 
the  floor  coincides  with  the  bottom  of  the  nose  section  envelope.  Development  of  fire 
control  avionics  that  can  be  disassociated  from  the  Immediate  proximity  to  the  radar 
antenna  is  essential  to  the  provision  of  necessary  vision  and  lowest  possible  super¬ 
sonic  wave  drag. 

5. 1. 1. 2  Penetrator  Configuration  -  In  addition  to  the  design  features  of  the  above 
fighter  configuration,  the  penetrator  shown  in  Figure  5-2  also  satisfied  a  requirement 
to  carry  air-to-ground  weapons  internally  and  in  tandem.  To  avoid  installed  weapon 
friction  and  interference  drag,  and  comply  with  internal  volume/wave  drag  require¬ 
ments,  the  two  engines  were  separated  and  semi-podded  below  and  outboard  of  the  wing 
roots.  To  avoid  possible  canard  wake  ingestion  by  the  engine  inlets,  the  canard  was 
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located  slightly  above  that  of  the  fighter  based  on  the  wind  tunnel  flow  wake  surveys  of 
Ref.  6. 

The  larger  radar  antenna  on  the  penetrator  permits  the  MSLPC  to  be  translated 
forward  with  respect  to  canard/vislon/gun  Integration  without  impacting  the  installation 
of  the  fire  control  avionics  adjacent  to  the  antenna  below  the  cockpit. 

5. 1. 1, 3  Penetrator  Configuration  Without  Radar  -  Without  the  radar  antenna  and 
associated  fire  control  avionics,  the  MSLPC  can  be  translated  forward  until  the  lower 
forward  corners  of  the  cockpit  envelope  contact  the  lower  nose  section  contours.  The 
lower  hemisphere  of  the  nose  section  is  unchanged  to  retain  a  sensible-length  bullet 
trough  and  trajectory  clearance.  The  canard  location  and  deflection- range  "scrubbing" 
surface  also  remains  unchanged.  The  upper  hemisphere  of  the  nose  section  is  modified 
to  accommodate  the  forward  location  of  the  cockpit  which  blends  into  the  basic  fuselage 
contours  more  quickly. 

With  its  reduced  height  and  more  rapid  blending,  the  cockpit  in  this  location 
reduces  the  wetted  area  and,  when  combined  with  the  canard,  a  smoother  local 
Integrated  area  distribution  is  obtained  which  reduces  supersonic  wave  drag. 

5.2  EFFECTS  ON  AIR  VEHICLE  SIZE 

The  MSLPC  is  applied  to  the  candidate  fighter  aircraft  configurations  to 
determine  attendant  effectiveness  benefits.  Given  the  baseline  aircraft  performance 
envelope,  air  vehicle  size  benefits  are  derived  in  terms  of  drag,  wetted  area,  and 
take-off  gross  weight.  The  CISE  computer  program  is  used  to  implement  the 
derivation.  Mission  profiles  and  output  data  are  included  in  Appendix  E. 

5.2.1  Aircraft  Characteristics 

The  application  of  MSLPC  to  the  baseline  fighter  (Figure  5-1)  and  baseline 
penetrator  (Figure  5-2)  was  evaluated  on  the  basis  of  the  existing  CDAF  mission  pro¬ 
file  (Appendix  E).  The  aerodynamic  affects  are  manifest  in  two  aircraft  character¬ 
istics:  minimum  drag  coefficient  and  directional  stability  (Cn^ ).  The  revised 

canopy/fuselage  lines  result  in  a  reduced  height  and  canopy/fuselage  side  area 
yielding  a  more  directionally  stable  vehicle.  This  allows  a  reduction  in  vertical 
tail  area  while  maintaining  the  directional  stability  level  of  the  baseline  vehicle. 
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The  reduced  tail  area  and  the  MSLPC  associated  area  distribution  for  the  fighter 
(Figure  5-3)  and  penetrator  (Figure  5-4)  provide  a  reduction  of  configuration  wave 
drag  and  fuselage  wetted  area.  Since  the  wing  characteristics  (aspect  ratio  At  X ,  and 
t/c)  are  unchanged  and  the  area  is  essentially  photographically  changed,  the  induced 
drag-due- to- lift  and  longitudinal  stability  do  not  change  relative  to  the  baseline 
configurations. 

The  integrated  area  plots  are  representative  of  the  average  area  distribution 
determined  by  a  series  of  planes  intersecting  the  vehicle  longitudinal  axis  at  the  Mach 
angle,  and  does  not  necessarily  reflect  the  normal  cross  sectional  area  distribution. 

As  seen  in  Figure  5-5,  the  expanded  scale  for  the  region  between  Fuselage  Stations 
185  and  280  illustrates  that  only  at  Mach  1. 0,  where  the  Mach  planes  are  normal  to 
the  longitudinal  axis,  does  the  integrated  area  distribution  reflect  exactly  the  normal 
cross  sectional  area  distribution. 

5.2.2  Summary  of  Cumulative  Effects 

The  incremental  MSLPC  effects  on  the  fighter,  penetrator  with  radar,  and 
penetrator  without  radar  configurations  are  summarized  in  Table  5-1  in  terms  of  the 
un- iterated  aerodynamic  effects  and  the  fully  iterated  CISE  parametric  vehicle 
definition. 

The  subsonic  difference  in  drag  levels  between  the  MSLPC  and  baseline  fighter 
configurations  is  a  result  of  the  change  in  friction  drag  and  wetted  area.  The  super¬ 
sonic  drag  level  of  the  MSLPC  fighter  reflects  the  reduction  in  wave  drag  associated 
with  the  improved  area  diagram.  The  directional  stability  level  of  the  baseline  fighter 
configuration  served  as  the  limit  for  the  reduction  of  tail  area  made  possible  by  the 
more  stable  MSLPC  wing-body  level.  The  subsonic  stability  level  was  matched,  the 
transonic  level  was  slightly  compromised,  and  the  supersonic  level  was  improved. 

The  difference  in  drag  levels  between  the  MSLPC  and  baseline  penetrator  con¬ 
figurations  is  consistent  with  fighter  configuration  results,  as  reflected  in  the  wetted 
area  developed  with  and  without  a  radar  constraint.  The  directional  stability  level  of 
both  MSLPC  penetrators  match  the  baseline  level  subsonic  ally.  The  configuration 
without  radar  constraint  has  the  greater  reduction  in  tail  size  which  does  compromise 
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the  transonic  stability  level  to  a  greater  degree  than  the  configuration  with  radar 
constraint.  Conversely,  the  supersonic  level  is  enhanced  to  a  greater  degree. 

5.2.3  Escape  Concept  Effects 

Subsequent  to  resizing  the  baseline  aircraft  as  a  result  of  the  MSLPC  application, 
further  iteration  was  required  to  determine  the  effect  of  escape  concept  variations  on 
the  MSLPC  aircraft  configuration.  Using  the  CISE  inputs  presented  in  Weight  and  Mass 
Properties,  Subsection  3.4,  each  escape  concept  was  applied  to  each  MSLPC  aircraft 
configuration.  The  results,  measured  in  terms  of  TOGW,  are  summarized  in  Table  5-2; 
output  data  are  included  in  Appendix  E. 

5.3  OBSERVABLE  SIGNATURES 

Aircraft  observables,  such  as  radar  cross  section,  infrared,  and  visual/electro 

optical  signatures,  enhance  the  ability  to  detect  and  locate.  In  the  evaluation  of  MSLPC 

applications  it  was  assumed  that  all  aircraft  would  be  treated  with  radar  cross  section 

signature  reduction  suits  in  order  to  accentuate  the  effect  of  MSLPC.  Measurement  of 

2 

cockpit  radar  signatures  with  respect  to  frontal  RCS  (Figure  5-6)  indicate  a  0. 49  m 

2  2 

MSLPC  fighter  versus  a  0.  54  m  baseline  fighter,  and  a  0.  93  m  MSLPC  penetrator 
2 

versus  a  1. 0  m  baseline  penetrator.  The  infrared  signature  produced  by  plume  ex¬ 
haust  gases  and  hot  metal  emissions  is  not  significantly  reduced  in  the  MSLPC  fighter 


TABLE  5-2.  AIR  VEHICLE  TOGW  SUMMARY 


VEHICLE 

CONFIGURATION 

TAKEOFF  GROSS  WEIGHT.  LB 

FIGHTER 

PENETRATOR 

WITH  RADAR 
CONSTRAINT 

PENETRATOR 
W/O  RAOAR 
CONSTRAINT 

BASELINE 

24128 

41225 

41225 

MSLPC  APPLICATION 

23830 

40756 

40369 

DEFLECTION  WEDGE 

23690 

40626 

40440 

TRACTOR  ROCKET 

23696 

40718 

40333 

CURVED  TRACK 

2367S 

40696 

40309 

SHIELD/CANOPY 

23899 

40720 

40333 

•B"  SEAT  VARIANT 

23637 

40763 

40376 

SUPINE  CONCEPT 

23896 

40696 

40309 

17F7-12#W 
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Figure  5-8.  Effect  of  Cockpit  RCS  on  Frontal  RCS 


and  penetrator.  Key  factors  In  determining  sensitivity  to  optical  detection  are 
canopy  glint,  exhaust  (smoke/contrails),  and  aircraft  size.  Canopy  glint  will  re¬ 
main  a  constant  since  no  attempt  to  incorporate  flat  panel  transparencies  was  under¬ 
taken.  Exhaust  detection  cues  such  as  smoke  or  contrails  are  not  affected  by 
cockpit  selection.  The  application  of  MSLPC  results  in  a  reduction  of  1. 8%  in  the 
size  of  the  fighter,  and  2. 4%  in  size  of  the  piaetrator,  when  measured  in  terms  of 
total  projected  area. 


5.4  VULNERABILITY 


The  MSLPC  can  facilitate  a  small  (2  to  3%)  reduction  in  combat  vulnerability  in 
each  of  the  baseline  aircraft.  The  smaller  frontal  area  obtained  by  incorporating  the 
MSLPC  allows  the  aircraft  to  be  downsized,  thereby  diminishing  the  exposed  area  of 
two  prime  contributors  to  combat  vulnerability  -  the  fuel  system  and  the  flight  control 
system.  Vulnerability  of  the  pilot  within  the  cockpit  envelope  appears  to  be  unchanged 
by  the  MSLPC  compared  to  the  baseline.  Assuming  that  a  shot  penetrating  the  pres¬ 
sure  envelope  of  the  cockpit  will  result  in  spall,  the  difference  is  measured  in  terms 
of  cockpit  area  rather  than  pilot  body  area.  The  reduced  exposure  of  the  cockpit  to 
shots  from  the  side  is  balanced  by  the  Increased  exposure  to  shots  from  the  top  and 
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bottom.  Shots  from  the  front  or  rear,  though  against  a  reduced  area,  are  of  Little 
import  because  of  the  protection  afforded  by  structure  and  equipment  along  these  paths 


The  effect  of  MSLPC  on  combat  vulnerability  was  evaluated  for  both  the  fighter 
and  penetrator  derivatives  of  the  CDAF  design  reference.  The  procedure  used  for  this 
evaluation  is  shown  in  flow  chart  format  in  Figure  5-7.  The  basis  of  this  procedure  is 
a  correlation  observed  among  combat  loss  experience,  the  causes  of  loss,  and 
measurable  characteristics  of  the  aircraft  lost.  Application  of  this  procedure  to  the 
fighter  is  shown  in  Table  5-3,  and  to  the  penetrator  in  Table  5-4.  The  measure 
which  is  significant  is  the  ratio  of  change  induced  to  the  baseline  loss  rate.  Note  that 

this  absolute  value  of  the  loss  rates  developed  by  this  procedure  reflect  past  conflicts 
and  should  not  be  applied  directly  to  future  situations  without  adjustment  for  scenario 
and  threat  level.  These  benefits  are  obtained  only  if  the  aircraft  are  resized,  not 
simply  by  exchange  of  cockpit  designs  within  the  same  size  aircraft.  The  MSLPC 
penetrator  with  radar  constraint  was  not  evaluated  in  view  of  the  very  small  benefit 
found  for  the  MSLPC  penetrator  without  radar  constraint. 

5. 4. 1  Combat  Loss  Rate 


The  combat  vulnerability  estimation  procedure  used  to  evaluate  the  MSLPC  is 
based  on  data  extracted  from  SE  Asia  combat  experience.  The  combat  loss  rates 
(losses  per  sortie)  for  a  number  of  aircraft  models  were  found  to  be  usefully  correlated 


Figur*  5-7.  Combat  Vulnerability  AtM»n»nt  Procedure 
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TABLE  S-3.  EFFECT  OF  MSLPC  ON  FIGHTER  VULNERABILITY 


LOSS  CAUSE 

SCALING  CISE  DATA 

LOSS  CAUSE  AREA.  FT5 

COMBAT  LOSS  RATE. 

PER  10.000 

FIGHTER 

BASELINE 

MSLPC 

FIGHTER 

FIGHTER 

BASELINE 

MSLPC 

FIGHTER 

FIGHTER 

BASELINE 

MSLPC 

FIGHTER 

pilot  incapacitation 

- 

1 

21 

NOTE  1 

23 

NEGLIGIBLE 

! 

FiHE  INTENSITY 

fuselage  fuel 

RATIO 

wmm 

KS 

mM 

72 

mm 

5.0 

-0  26 

EXPLOSION 

WING  FUEL 

RATIO 

(FUEL  QUAN 

“3532 

0.96 

RATIO)5'3 

3215 

72 

mm 

02 

NEGLIGIBLE 

ENGINE  FAILURE 

IGNORED  SMALL  ABSOLUTE  VALUE  IN  TWIN  ENGINE  AIRCRAFT 

— 

0.1 

NEGLIGIBLE 

LOSS  OF  CONTROL 

PARTIAL  PLAN  AREA 
RATIO 

IPIAN  ARI 
650 

0.992 

A  RATIO) 

645 

431 

m 

0.8 

WlSC  IINCL  AMMO! 

NOT  EVALUATED  -  NO  COCKPIT  EFFECTS  EXPECTED; 

ESTIMATED  AS 

1  0 

CUMULATIVE  COMBAT  LOSS  RATE 

9.4 

-0.26 

NOTE  t  THE  MSLPC  DOES  NOT  IN  ITSELF  SIGNIFICANTLY  ALTER  THE  VULNERABILITY  OF  THE  PILOT 
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TABLE  5-4.  EFFECT  OF  MSLPC  ON  PENETRATOR  VULNERABILITY 


LOSS  CAUSE 

SCALING  CISE  DATA 

LOSS  CAUSE  AREA.  FT3 

COMBAT  LOSS  RATE. 

PER  10.000 

PENETRATOR 

BASELINE 

MSLPC 

PENETRATOR 

PENETRATOR 

BASELINE 

MSLPC 

PENETRATOR 

PENETRATOR 

BASELINE 

MSLPC 

PENETRATOR 

PILOT  INCAPACITATION 

_ - _ 

- 

21 

• 

23 

NEGLIGIBLE 

FIRE  INTENSITY 

FUSELAGE  FUEL 

RATIO 

Eh 

RATIO)5'3 

6702 

174 

mm 

14.0 

-0.32 

EXPLOSION 

WING  FUEL 

RATIO 

1FVELQVA) 

8910 

0.98 

RATIOI5'3 

6702 

174 

mm 

m 

-0  1 

ENGINE  FAILURE 

IGNORED  -  SMALL  ABSOLUTE  VALUE  IN  TWIN  ENGINE  AIRCRAFT 

0.1 

NEGLIGIBLE 

LOSS  OF  CONTROL 

PARTIAL  PLAN  AREA 
RATIO 

(PLAN  AREA  RATIO) 

iooo  1  §55 

0.96 

738 

-295 

1.3 

005 

MISC  IINCL  AMMO! 

NOT  EVALUATEO  •  NO  COCKPIT  EFFECTS  6XPECTEO: 

ESTIMATED  AS 

1.0 

0 

CUMULATIVE  COMBAT  LOSS  RATE 

21  0 

-047 

•  THE  MSLPC  DOES  NOT  IN  ITSELF  SIGNIFICANTLY  ALTER  THE  VULNERABILITY  OF  THE  PILOT 
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to  measurable  features  of  each  aircraft  and  the  generic  causes  of  loss  identifiable  with 
these  features  as  shown  in  Figure  5-8.  The  loss  causes  of  greatest  import  are  pilot 
incapacitation,  fire,  explosion,  loss  of  control,  and  engine  failure.  A  miscellaneous 
category  was  used  to  collect  other  features  Including  the  gun  ammunition. 
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Figure  5-8.  Combat  Loo  Rata*  and  Cauaai 

5.5  LIFE  CYCLE  COST 

In  order  to  evaluate  cost  as  part  of.  the  analysis  to  identify  the  preferred  MSLPC 
concepts,  the  Modular  Life  Cycle  Cost  Model  (MLCCM)  was  used  (Ref.  5).  This 
model  was  developed  by  Grumman  under  contract  to  the  Air  Force  for  use  by  design¬ 
ers  to  make  parametric  trade  studies.  It  is  sensitive  to  design  parameters  down  to 
subsystem  level  and  permits  the  life  cycle  cost  (LCC)  evaluation  of  aircraft  configura¬ 
tions  from  design  through  the  support  phase. 

Using  the  configuration  definition  for  the  baseline  fighter  and  penetrator  as  shown 
in  the  CISE  runs  (Appendix  E),  the  required  input  parameters  were  derived  and  the 
MLCCM  was  run.  The  model  output  results  represent  a  typical  procurement  of  500 

vehicles  over  a  life  of  15  years,  and  form  the  baseline  for  the  delta  costs  resulting 
from  the  application  of  the  MSLPC  concepts  to  the  fighter  and  penetrator  configurations. 
The  MLCCM  output  data  is  Included  in  Appendix  D. 

5.5.1  Vehicle  Configurations 

The  configuration  changes  which  resulted  from  the  integration  of  the  MSLPC 
and  the  crew  escape  system  concepts  were  iterated  through  the  CISE  program,  and 
the  results  were  evaluated  for  cost  using  the  MLCCM  program.  The  changes  in  cost 
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driving  parameters  were  Identified,  and  the  impact  of  the  MSLPC  concepts  on  the 
baseline  vehicles  resulted  in  the  vehicle  cost  differences  shown  in  Tables  5-5,  5-6, 
and  5-7. 

5.5.2  Crew  Systems 

Until  more  definitive  studies  are  made  of  the  MSLPC  seat,  pyrotechnics,  and 
other  required  components,  no  detail  cost  analysis  of  the  escape  system  itself  can  be 
done.  Since  this  cost  represents  approximately  2 %  of  the  total  LCC,  the  effect  on  the 
results  of  this  analysis  is  negligible.  The  LCC  analysis  assumes  cost  of  these  com¬ 
ponents  to  be  similar  to  conventional  escape  system  hardware.  The  output  re.sults  of 
the  MLCCM  for  the  crew  systems  costs  are  given  in  Appendix  D,  and  are  based  on 
sensitivity  to  the  input  parameters  shown. 

5.5.3  Conclusions 

Five  MSLPC  escape  system  concepts  were  evaluated:  curved  track,  tractor 
rocket,  shield/canopy,  "B"  seat  variant,  and  deflection  wedge.  All  escape  concepts 
showed  savings  from  the  baseline  vehicles  as  shown  in  Tables  5-5,  5-6,  and  5-7. 

i 

The  impact  each  of  the  concepts  had  on  the  fighter  and  the  penetrator  basic  MSLPC 
vehicle  LCC  is  shown  in  Figure  5-9.  The  magnitude  of  the  delta  cost  for  each  concept 
over  the  life  cycle  for  a  typical  procurement  of  500  vehicles  with  a  life  of  15  years  is 
delineated.  The  escape  concepts  which  showed  savings  from  the  basic  MSLPC  vehi¬ 
cles  were  the  curved  track,  the  tractor  rocket,  and  the  shield/canopy.  The  "B" 
variant  concept  was  close  to  the  basic  MSLPC,  while  the  deflection  wedge  was  costlier 


TABLE  5-5.  FIGHTER  LIFE  CYCLE  COST,  <$M  1979,  Excluding  Engines  and  Avionic*) 


CONFIGURATION 

RDTAE,  2  A/C 

PROD,  TOTAL  900 

INITIAL  SUPPORT 

OPEN  A  SUPPORT 

TOTAL  LCC 

BASELINE 

391 .363 

2418.978 

237.474 

3464.383 

8608.255 

MSLPC 

383  243 

2300.488 

236.42* 

3460.297 

8470.454 

CURVED  TRACK 

382.552 

2387.161 

236-380 

3460.429 

tractor  rkt 

382.881 

2389.416 

23*  J66 

3480.773 

SHIELD  CANOPY 

382.884 

2389.423 

230-388 

3480.703 

B  '  VARIANT 

383  819 

2390.528 

236.460 

3400.482 

8470.959 

06FL  WEDCE 

384.219 

2304.274 

236.63* 

3401 JO? 

0470J34 

DELTA  COST  IMPACT  OP  MSLPC  ON  FIGHTER  BASELINE 

CONFIGURATION 

A  ROTA* 

A  PRODUCTION 

A  INIT8UPP 

6  0*0 

A  LCC 

MSLPC 

-8610 

-28.080 

-1.046 

-4000 

-36J01 

DELTA  COST  IMPACT  OF  ESCAPE  FACTORS  ON  FIGHTER  MSLPC 

CONFIGURATION 

&  ROTA* 

A  PRODUCTION 

A  INIT  SUPP 

&  0*8 

6  LCC 

CURVEQ TRACK 

-0091 

-3.328 

-0.078 

-OJ66 

—4862 

TRACTOR  RKT 

!  -0.382 

-1.070 

-0.040 

-0.924 

-1.9*6 

shield  canopy 

-0.388 

-1.003 

-0.040 

-0.904 

-1.66* 

VARIANT 

♦0.278 

*0.042 

*0.032 

*0.168 

♦0.805 

oeflweoge 

♦o  on 

♦i.7» 

*0.110 

♦1J10 

♦6.360 

TABLE  5-6  PENETRATOR  LIFE  CYCLE  COST  WITH  RADAR,  (SM  1979,  Excluding  Engine*  and  Avionic*) 


CONFIGURATION 

ROTfcE,  2  A/C 

" 

PROO,  TOTAL  500 

INITIAL  SUPPORT 

OPCR  a  SUPPORT 

TOTAL  LCC 

BASELINE 

750.802 

3274.137 

306.376 

4303.403 

8723  417 

MSLPC 

737  266 

3242460 

303.640 

4366.811 

8670.095 

CURVED  TRACK 

736.0*1 

3238.493 

303.364 

4385  160 

8663.078 

TRACTOR  RKT 

736.806 

3241  600 

303.487 

4385.559 

8667  451 

SHIELD  CANOPY 

736.81 1 

3241.607 

303.467 

4365.590 

8667.495 

variant 

737.626 

3241 .806 

303  507 

4366.291 

8669.320 

OEFL  WEDGE 

738.529 

3246.486 

303.717 

4388.636 

8677.368 

DELTA  COST  IMPACT  OF  MSLPC  ON  PENETRATOR  BASELINE 

SEJJJJJBHM 

A  R0T6C 

A  PRODUCTION 

A  INIT  SUPP 

a  041 

A  LCC 

MSLPC 

-13.236 

-31.668 

-1626 

-6  592 

-53  322 

DELTA  COST  IMPACT  OF  ESCAPE  FACTORS  ON  PENETRATOR  MSLPC  WITH  RADAR 


CONFIGURATION 

—  — 

A RDT6E 

A  PRODUCTION 

A  INIT  SUPP 

Aoas 

A  LCC 

CURVED  TRACK 

-1.226 

-3.976 

-0.166 

-1661 

hi  mam 

TRACTOR  RKT 

-0  461 

-0.869 

-0.062 

-1.252 

t  "  KM 

SHIELD  CANOPY 

-0.456 

-0.802 

-0.062 

-1.221 

iiSsh 

•8"  VARIANT 

♦0.360 

-0.663 

♦0.048 

-0520 

-0.775 

OEFL  WEDGE 

♦1.263 

♦4.017 

♦0.168 

♦V825 

*7.273 

17P7-UJW 

TABLE  5-7  PENETRATOR  LIFE  CYCLE  COST  WITHOUT  RADAR  (SM  1979,  Excluding  Engine*  and  Avionic*) 


CONFIGURATION 

ROT4E.2  A/C 

PROO.  TOTAL  500 

INITIAL  SUPPORT 

OPER  a  SUPPORT 

TOTAL  LCC 

BASELINE 

760.502 

3274.137 

306.375 

4393.403 

8723.417 

MSLPC 

722.669 

3209.100 

301.649 

4361  917 

8615.236 

OJRV 60  TRACK 

721.438 

3204.406 

301364 

4380.932 

9606.160 

TRACTOR  RKT 

721363 

3206.724 

301.440 

4361  324 

8611.351 

SHIELD  CANOPY 

721.8*3 

3206.724 

301  440 

4381.324 

8611  351 

"8”  VARIANT 

722.8*2 

3209.129 

301.561 

4382.034 

8615.406 

oeflweoge 

723.912 

3212.404 

301.715 

43*4  415 

8622.446 

DELTA  COST  IMPACT  OF  MSLPC  ON  PENETRATOR  BASELINE 


CONFIGURATION 

A RDTA6 

A  PRODUCTION 

A  INIT  SUPP 

om 

LCC 

MSLPC 

,  ,  , 

-27633 

-66.037 

-3*20 

_ 

-11.486 

-108  182 

>ELTA  COST  IMPACT  OF  ESCAPE  FACTORS  ON  PENETRATOR  MSLPC  W/O  RADAR 

CONFIGURATION 

a Rorai 

A  PRODUCTION 

A  INIT  SUPP 

:  oas 

LCC 

CURVEO  TRACK 

-1.231 

-4.664 

-0.166 

-0.965 

-7  075 

TRACTOR  RKT 

-0606 

-2.376 

-0.109 

-0.593 

-3.384 

SHIELD  CANOPY 

-0606 

-2676 

-0.109 

-0  593 

-3.884 

•B"  VARIANT 

♦0.023 

♦0.029 

♦0.002 

♦0.117 

*0.171 

OEFLWEOGE 

♦1.243 

♦3.304 

♦0.166 

♦2.498 

♦  7.211 

1717-134W 

_ 

The  Implementation  of  the  basic  MSLPC  concept  can  result  in  a  LCC  savings  of 
$38M  (0. 59%)  to  a  fighter  program,  $53M  (0. 61%)  to  a  penetrator  with  radar  constraint, 
and  $108M  (1. 24%)  to  a  penetrator  without  radar  constraint  requirement.  Further,  if 
the  curved  track  concept  is  applied,  additional  LCC  savings  in  the  order  of  $5M  to  $7M 
can  be  realized.  Although  these  dollar  values  are  not  meant  to  be  absolute,  they  do 
represent  die  order  of  magnitude  and  relative  direction  of  savings  possible  when 
MSLPC  concepts  are  applied. 
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DELTA  LCC.  Mi  l»« 


PENETAATOfl.  PCNITAATOR, 

FIGHTER  W»TM  RAO  A  A  W/O  RADAR 


KEY:  A  -  CURVED  TRACK; 

a  -  TRACTOR  ROCKET, 

C  -  SHIELD/CANOPY; 

D  -  B  VARIANT; 

E  -  DEFLECTION  WEDGE 


17«7-kJSW 


Figure  5-9.  Data  Con  Impact  of  Escape  Factors  on  LCC  of  MSLPC  Vohido 
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VI.  IDENTIFICATION  OF  FUTURE  EFFORT 

Major  improvements  in  crew  station  design  and  air  vehicle  integration  cannot 
be  accomplished  without  Injection  of  new  technology  and  design  approaches.  While 
the  definition  and  evaluation  of  the  MSLPC  and  an  Integrated  escape  system  are  the 
end  products  of  this  study,  favorable  analytical  and  mockup-confirmed  conclusions 
do  not  necessarily  constitute  acceptability.  Further  development  is  required  to 
resolve  problem  areas.  A  more  detailed  design  and  analysis  of  the  concept  is 
necessary  to  confirm  engineering  validity.  A  sequential  development  effort  would 
be  directed  at  experimentally  confirming  the  characteristics  and  performance  of 
the  system.  Austere  wind  tunnel  and  RCS  measurement  programs  using  available 
existing  models  would  provide  confirmation  of  the  MSLPC  benefits  to  the  air 
vehicle.  Simultaneously,  simulator  experiments  would  be  used  to  confirm  pilot 
performance  during  critical  phases  of  the  combat  tqission  and  improve  the 
man/machine  interface.  Test  of  the  escape  system  could  then  be  performed 
employing  a  test  sled.  Ultimately,  a  flight  test  program  would  be  conducted 
for  final  confirmation  of  the  validity  of  the  MSLPC  and  integrated  escape  system. 

6. 1  CRITICAL  PROBLEM  AREAS 

•  Pilot  Performance 

-  Takeoff  and  Landing  Flight  Control 

-  Information  Display  -  Content  and  Format 

-  Cockpit  Arrangement/Man-Machine  Interface 

-  Internal  and  External  Visibility 

-  Reorientation/Disorientation 

•  Crew  Escape 


-  Injury  Risk  During  Launch  Sequence 

-  Body  Restraint,  Retraction,  Retention  During  Launch  Sequence 

-  Free- Flight  Characteristics 


•  Aircraft  Integration 


-  Launch  Clearance  Considerations 

-  External  Visibility  -  Landing. 

6.2  PROBLEM  SOLVING  EFFORT 

Continual  development  of  MSLPC  would  involve  numerous  exploratory  and 
fact-finding  analyses,  simulation,  design,  and  test  programs.  Some  of  the 
important  areas  of  activity  to  be  implemented  with  respect  to  a  future  demonstration 
program  are: 

•  Develop  a  plan  of  action  for  a  wind  tunnel  program  to  substantiate  the 
aero  performance  and  aircraft  sizing  analysis  conducted  in  the  MSLPC 

investigation.  The  plan  should  include  tunnel  testing  of  the  supine 
seat /man  configuration  to  provide  aerodynamic  data  for  performance 
assessment  and  design  refinement 

•  Investigate  man/machine  interface  and  organize  simulator  evaluation 
studies  of  pilot  performance  with  respect  to  cockpit  information  display 
and  control  arrangements  developed  for  the  MSLPC  fixed  supine  seat 
configuration ;  major  problem  area  is  the  disposition  of  aircraft 
subsystem  control  functions  such  as  environment,  lighting,  electrical 
power,  communication,  and  fuel  management  (control  access  in  the 
HAC  was  facilitated  by  seat  articulation) 

e  Develop  a  plan  of  action  for  the  centrifuge  and  a  six-degree  of-freedom 
flight  simulator  to  determine  levels  of  disorientation  and  the  resultant 
effect  on  pilot  performance 

e  Extend  the  investigation  of  the  supine  escape  system  with  respect  to 
aerodynamic  performance 

-  Physiological  environment  with  emphasis  on  acceleration,  wind 
blast,  and  limb  flail 

-  Determine  yaw  control  requirements 

-  Develop  a  detailed  definition,  integration,  and  mechanization  of  the 
Thrust  Vector  Control  System,  Vertical  Steering  Control  System, 
and  Vertical  Reference  System 
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•  Investigate  application  and  development  of  expandable  fairings,  forms, 
and  restraints  for  escape  systems  operating  at  the  extreme  limits  of 
the  free  flight  performance  envelope 

•  Organize  a  work  effort  in  observables/signatures  to  define  technologies 
which  offer  the  greatest  potential  for  MSLPC 

•  Develop  a  plan  of  action  for  the  design,  prototype,  and  sled  test  for  the 
preferred  escape  system  concept 

•  Conduct  flight  tests  (subservient  to  the  HAC  program  activity)  to 
expand  the  results  of  the  study  and  define  the  effects  of  a  fixed  65s 
geometry  through  the  entire  flight  profile. 

6.3  PLAN  OF  ACTION 

The  following  plan  (Table  6-1)  is  presented  as  a  frame  of  reference  for 
establishing  work  priorities  and  budget  requirements. 
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VII.  CONCLUSIONS 


•  MSLPC  baseline  geometry  provides  for  an  improvement  in  G  tolerance 
and  extends  the  upward  limits  of  external  visibility,  but  visual  access 
to  interior  side  consoles  is  degraded.  Further  investigation  of  an  ad¬ 
justable  headrest /support  appears  necessary  to  resolve  the  specific 
visibility  requirements  with  respect  to  external  visibility  for  takeoff/ 
landing  conditions  and  internal  visual  access  to  instrument  panel  /side 
console  surfaces.  A  closer  examination  of  the  physiological  constraints 
and  mission  requirements  is  necessary  to  optimize  the  seat  geometry 

•  Deflection  wedge  escape  concept  has  poor  potential  due  to  Inherent  com¬ 
plexity  compounded  by  deployment  and  stability  problems 

•  Tractor  rocket  escape  concept  has  poor  potential  due  to  Inadequate  high 
speed  /high  G  capability 

•  Shield/Canopy  escape  concept  provides  a  fine  air  blast  protection 
capability  but  has  poor  potential  because  of  questionable  performance 
in  adverse  attitude,  roll,  and  spin  conditions  complicated  by  the  need 

to  separate  the  crewman  from  the  shield /canopy  for  the  final  recovery 
phase.  Active  stabilization  and  attitude  positioning  are  necessary  for 
tail  clearance 

•  "B"  Seat  Variant  escape  concept  has  poor  potential  due  to  inherent 
complexities  and  time  delay  for  boom  deployment 

•  Curved  track  escape  concept  has  good  potential  with  a  need  for  further 
development  of  limb  restraint  and  containment  under  crash  conditions. 
Active  stabilization  is  required  and  attitude  positioning  is  necessary  for 
blast  protection.  Tradeoffs  are  possible  between  thrust  oriented  (30s 
forward  of  vertical)  spinal  acceleration  relief  and  tall  clearance,  high 
speed  rocket  thrust  levels,  or  trajectory  height  In  low  altitude  dives 
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•  Supine  concept  has  very  good  potential.  Transverse  G  (eyeballs-in) 
are  experienced  by  crewman  during  separation  from  aircraft.  The 
escape  system  is  accommodated  within  the  smallest  cockpit  volume. 

Some  of  the  apparent  complexity  would  be  necessary  to  satisfy  ingress/ 
egress  requirements  of  all  concepts.  Further  development  of  limb 
restraint  and  crash  condition  containment  is  required ,  as  well  as  the 
investigation  of  pre- separation  cockpit  turbulence 

e  Implementation  of  active  stabilization  for  extreme  performance 
conditions  (high  speed,  high  "q'Vadverse  attitude,  high  sink  rate) 
is  possible  with  a  blended  control  system  combining  the  attributes 
of  thrust  vector  control  and  vertical  steering  control.  A  more  specific 
design  philosophy  must  be  established  before  system  optimization  can 
be  accomplished 

•  Application  of  MSLPC  to  fighter  and  penetrator  aircraft  produces  a 
general  improvement  of  directional  stability  and  a  small  reduction  in 
wave  drag  which  can  be  reflected  in  a  smaller  (less  weight)  vehicle. 
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APPENDIX  A 


I  WEIGHT  AND  BALANCE  DATA 


For  weight  and  balance  purposes  a  minimum  /maximum  range  of  personal 
equipment  weight,  representing  the  crew's  clothing  and  equipment ,  was  established. 
Table  A-l  includes  a  minimum  weight  which  consists  of  the  5th  percentile  crewman's 
summer  clothing  and  equipment,  and  a  maximum  weight  which  consists  of  the  95th 
percentile  crewman's  winter  clothing  and  equipment. 

Tables  A- 2  through  A- 6  depict  the  center  of  gravity  and  weight  breakdowns  and 
inertia  for  the  five  escape  system  concepts. 


TABLE  A-1.  PERSONAL  EQUIPMENT  WEIGHT  RANGE 


ITEM 

MIN  WT. 

LB 

MAX  WT. 

LB 

FLIGHT  SUIT 

1.81 

- 

(a) 

GLOVES 

036 

038 

HARNESS 

4J8 

4.38 

OXYGEN  MASK 

1.69 

1.69 

OXYGEN  REGULATOR/HOSE 

1.56 

1.56 

HELMET 

3.70 

3.90 

ANTL"G"  SUIT 

2.26 

2.25 

SURVIVAL  VEST 

- 

12.58 

<b> 

FLIGHT  BOOTS 

4JS 

4.56 

ANTLEXPOSURE  SUIT 

- 

7.20 

(c) 

LINER 

- 

4.70 

Id) 

TOTALS 

200 

43  JO 

(a)  FLIGHT  SUIT  WORN  ONLY  IN  SUMMER. 

(b>  WHEN  WORN,  EQUIPMENT  OPTIONS  ARE  DICTATED  BY 

SEASONAL  ANO  GEOGRAPHIC  CONDITIONS. 

(e)  EXPOSURE  SUIT  WORN  ONLY  IN  WINTER, 
td)  LINER  WORN  ONLY  IN  WINTER. 

17SM3CW 
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'  »D-A051  055  0RUMMAN  AEROSPACE  CORP  BETHPAOE  NY  F/O  1/3 

INVESTIGATION  OF  MINIMUM  SIZEO  LOW-PROFILE  COCKPITS  (MSLPC)  AND— ETC(U) 
SEP  79  W  C  TAUBT  F3361S-78-C-3AE7 

UNCLASSIFIED  AFFDL-TR-79-3104  NL 


3-3 


TABLE  A-Z  ESCAPE  SYSTEM  CO  -  DEFLECTION  WEDGE  CONCEPT 
(96th  Ptrotntilt  Pilot! 
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TABLE  A-3.  ESCAPE  SYSTEM  CQ  -  SHIELD/CANOPY  CONCEPT 
(96th  PwoMtSa  Pilot) 


WT 

— x — 

WX 

z 

va 

1. 

Haad 

ISA 

280 

8208 

1X0 

223.2 

z 

Torto 

87 A 

7.7 

67X9 

X4 

471 A 

3. 

Arm* 

27  .0 

10.4 

2808 

X9 

15X3 

4. 

Thigh* 

46.0 

-44 

-211.6 

102 

469.2 

5. 

Lag*  A  faat 

31.8 

-1X7 

-43X7 

7.0 

22X6 

6. 

Uppar  Mat  nrvctur* 

31.0 

1X4 

477.4 

-1.8 

-4X8 

7. 

Lomar  *aat  ttructura 

33.0 

-11.9 

-39X7 

OO 

OO 

a. 

Ssst  Mschmiami 

8.0 

-3.8 

-2X8 

-08 

-04 

a 

Parachuta* 

28.0 

23.2 

6406 

1.4 

39.2 

ia 

Initiation  A  Saquancing 

iao 

— X9 

-800 

Z9 

29.0 

it. 

Harnwt  rttficlOf 

X0 

X8 

47.8 

-1.7 

— X5 

IX 

Rational  Equipment 

43.2 

3.7 

189.8 

4.2 

181.4 

13. 

Hama**,  bait*,  cuihion* 

14.0 

-Z8 

-38.4 

1 A 

19u6 

14, 

Survival  kit 

38.0 

-iao 

-3800 

4.2 

159  A 

IK. 

Shiald/Canopy/intarfaca 

18X0 

ia 

18X0 

11.8 

18200 

Sub  Total* 

5760 

Z8 

14806 

XI 

374X6 

IS. 

Bockat 

21.0 

-4.4 

-9X4 

-X3 

— 132.3 

17. 

Prop*!  lam 

1Z0 

-4.4 

-82.8 

-6.3 

-7X6 

laaft 

SS&fi , 

*1 

130X4 

asaaj. 

Inartia 

L8-1N2 

SLUG  FT2 

IIXX) 

70924.98 

1X31 

l(YY| 

27318X26 

8X96 

KZZ> 

2726HX4 

8X84 

UXZ) 
i7tr  i 

3*W 

863.11 

(M8* 
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TABLE  A-4.  ESCAPE  SYSTEM  CO  -  CURVED  TRACK  CONCEPT 
OS'fcPwotntHa  Pilot) 


Y 


z 


■  1  '  ■  1 

wrr 

X 

MIX 

Z 

WZ 

1. 

Head 

18.8 

28.0 

5203 

12.0 

223.2 

2. 

Tone 

87.4 

7.7 

8723 

5.4 

4713 

3. 

Arm* 

27.0 

10.4 

280.8 

53 

1593 

4. 

Thighs 

48.0 

-4.8 

-2113 

10.2 

469.2 

5. 

Lags  &  feat 

31.8 

-13.7 

-435.7 

7.0 

2223 

6. 

Upoar  last  structura 

40.0 

16.5 

860.0 

-13 

-723 

7. 

Lowar  saat  ftructura 

683 

-11.2 

-764.9 

1.7 

118.1 

3. 

Saat  Machanisms 

8.0 

-3.6 

-28.8 

-0.8 

-63 

9. 

Parachuta* 

27.0 

23.2 

628.4 

1.4 

373 

10. 

Initiation  8  Saquancing 

7  JO 

-5.9 

-41.3 

23 

203 

It. 

Harnaaa  ratractor 

5.0 

9.5 

47.5 

-1.7 

-8.5 

12. 

Panonal  Equipmant 

43.2 

3.7 

159.8 

4.2 

181.4 

13. 

Harness.  baits,  cushions 

14.0 

-2.6 

-38.4 

1.4 

193 

14. 

Survival  kit 

38.0 

-10.0 

-380.0 

4.2 

1593 

15. 

Sub  Totals 

4613 

23 

1069.5 

43 

1994.1 

18. 

Rockat 

19.5 

7.8 

152.1 

-5.9 

-115.1 

17. 

Propellant 

8.5 

7.8 

50.7 

-5.9 

-38.4 

TotaiS 

SSL2 

2)S 

<373-3 

3.8 

HF5XI 

Inartia 

LB-IN2 

SLUG  FT2 

HXXI 

31804.13 

830 

KYY1 

112283.08 

24.23 

IIZZ) 

11388238 

24.54 

HXZ) 

-2435.21 

-0.526 

17i7-139v,  | 
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TABLE  A*.  ESCAPE  SYSTEM  CQ  -  TRACTOR  ROCKET  CONCEPT 


WX 


20.8 
872-9 
280.8 
—211.6 
-435.7 
907.5 
-618.0 
-2S8 
464.0 
— BBtO 
47.5 


-36.4 

-437.0 


SLUG  FT2 


M2 

24.00 

25.04 


1. 

Hssd 

18j6 

2. 

Tano 

874 

3. 

Arm* 

27j0 

4. 

Thighs 

46.0 

5. 

Lsgiftfsat 

314 

8. 

Uppsr  ssat  structure 

56 JO 

7. 

Lowsr  tsst  itructure 

614 

8. 

Ssat  Mechanisms 

8 JO 

9. 

Parachutes 

204 

ia 

Initiation  6  Saquaneing 

too 

ii. 

Hamasa  ratractor 

5.0 

1Z 

Psnonal  Equipmant 

43J 

13. 

Hainan,  baits,  cushiont 

14.0 

14. 

Survival  kit 

38.0 

15. 

Sub  Totals 

4654 

16. 

Rockat 

22.0 

17. 

^opillirtt 

64 

Tot* 

4934 

LB- 


29  767.03 
111191.88 


l(XZ> 

1747-141W 


325448 


-.702 
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APPENDIX  B 

ESCAPE  CONCEPTS  AERODYNAMIC  DATA 


TABLE  8-1.  DATA  COMPARISON  (WIND  TUNNEL  VS  COMPUTER  MODEL) 
CONVENTIONAL  SEAT 


|  MEMO  TUNNEL  DATA 

NEWTONIAN  DATA  j 

<*) 

CA 

CN 

Cm 

CA 

CN 

Cm 

0 

1.247 

-03930 

I 

1.06  S3 

0.0000 

03842 

A 

1.228 

-02924 

mm 

-0- 

ia 

1.198 

-02147 

B9 

1.0332 

00247 

0.3781 

IS. 

1.116 

-01167 

SB 

aa 

1.017 

00138 

01887 

09407 

00989 

03628 

28. 

0891 

01217 

01871 

3a 

0838 

02388 

01888 

08814 

02049 

02751 

30 

(X698 

03287 

01781 

4a 

0818 

04208 

01748 

04668 

03386 

01961 

48. 

0813 

08188 

01723 

sa 

0L434 

08784 

01888 

03217 

04809 

01722 

88. 

0381 

08006 

01813 

80b 

0277 

08412 

01891 

08148 

01212 

88. 

0208 

08831 

01608 

mm 

7a 

0188 

07280 

01823 

07238 

01028 

78. 

<UMO 

07818 

01887 

aa 

-0018 

07848 

01680 

00148 

07947 

01120 

sa 

-0123 

08048 

01613 

sa 

-0201 

08138 

01819 

aoooo 

08198 

01164 

oa 

-0278 

08319 

01388 

10a 

-0388 

08270 

01328 

-00321 

07948 

01003 

10a 

-0403 

(X104S 

01083 

-am 

Mr 

0J068 

00006 

-01240 

07238 

00869 
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TABLE  B-1.  OATA  COMPARISON  (WIND  TUNNEL  VS  COMPUTER  MODEL)  (CONTD) 


NINO  TUNMKU  OATA 

NEWTONIAN  OATA  j 

1*1 

CA 

CM 

Cm 

CA 

CN 

Cm 

118. 

-0.587 

07349 

0,0443 

130. 

•\641 

08466 

00114 

-02883 

06146 

-00066 

128. 

-0.734 

08381 

00184 

13& 

-0823 

fUtii 

-00286 

-04402 

04809 

-00611 

136. 

-0913 

08032 

-00632 

14a 

-0961 

07664 

-00686 

-08281 

03398 

-01778 

148. 

-1.068 

07171 

-01292 

isa 

-1.112 

08676 

-01831 

-07960 

02049 

-02803 

188. 

-1.128 

08716 

-01781 

ioa 

-1.186 

04866 

-02023 

-08407 

-03268 

168. 

-1.138 

03619 

-02287 

17a 

-1.128 

02674 

-02833 

-10332 

00247 

-03682 

178. 

-1.048 

02101 

-0,2000 

isa 

-1.086 

01604 

-03106 

—1.0683 

-03842 

isa 

-1.025 

01012 

-013349 

isa 

-0888 

00368 

-03680 

-1.0332 

-00178 

-03736 

19a 

-0939 

-00168 

-03682 

20a 

^880 

-00678 

-03787 

-09407 

-00690 

-013428 

206. 

-0.828 

-01020 

-03799 

21a 

-0786 

-01361 

-03727 

-07960 

-01478 

-02960 

21a 

-0730 

-01837 

-03888 

32a 

-0673 

-01949 

-03387 

-08281 

-02438 

-02387 

22a 

-0861 

-02348 

-03063 

23a 

-0808 

-03613 

-02788 

-04402 

-03462 

-01747 

23a 

-0418 

-02836 

-02346 

24a 

-0447 

-03088 

-02142 

-02863 

-04426 

-01164 

348.  I  -0449 

i74T.i»a<a)w _ 


_0J463 


-0.1746 


TABLE  B-1.  DATA  COMPARISON  (WIND  TUNNEL  VS  COMPUTER  MODEL)  (CONTD) 


CONVENTIONAL  SEAT 


WIND  TUNNEL  DATA 

NEWTONIAN  DATA 

CA 

CN 

Cm 

CA 

CN 

Cm 

250. 

-0294 

-03660 

-0.1326 

-01246 

-05210 

-00689 

250 

-0.155 

-03704 

-0.0861 

260. 

-0064 

-03929 

-00884 

-00321 

-0.6835 

-00987 

266. 

0046 

-04562 

-00378 

27A 

0)86 

-05060 

-00127 

OOOOO 

-08195 

-0.1154 

278. 

0259 

-05376 

-00192 

28a 

0374 

-05827 

00503 

00321 

-07948 

-0.1003 

26a 

0494 

-06437 

00812 

29a 

0693 

-06801 

01112 

01246 

-07236 

-0.0669 

29a 

0740 

-07048 

01806 

3oa 

0854 

-07166 

01880 

02683 

-06146 

0.0095 

30a 

0944 

-07301 

02057 

3ia 

1.005 

-07172 

02146 

04402 

-04809 

0.0911 

3ia 

1.056 

-06931 

32a 

1.106 

-08889 

06251 

-03386 

01778 

32a 

1.156 

-06231 

33a 

1.196 

-05798 

02043 

07990 

-02049 

02593 

33a 

1.210 

-08368 

01959 

34a 

1.200 

04968 

01835 

09407 

-00980 

03258 

34a 

1.197 

-04548 

02706 

38a 

1.166 

-04102 

01532 

1.0332 

-00247 

03692 

38a 

1.311 

-03575 

01361 

17«7-142(3)« 
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APPENDIX  C 


ESCAPE  CONCEPTS  FUNCTIONAL  ELEMENT  MATRIX 

TABLE  C-1.  FUNCTIONAL  ELEMENTS  MATRIX 
(Note:  STD-Standard;  FR-Fixtd  Rocket;  VS-Vertieal  Steering.) 


\  ESCAPE  SYS 
^\MNCEPT 
FUNCTIONAL 

ELEMENTS  N. 


•  SEAT  STRUCTURE 
BUCKET 

TRACKS/ROLLERS 
MAIN  STRUCTURE 
HEAD  SUPPORT 
PARACHUTE  SUPPORT 
DROGUE  SUPPORT 
BACK  SUPPORT 
ROCKET  SUPPORT 

•  SEAT  MECHANISM 
ESCAPE  INITIATION 
SHOULDER  HARNESS 
DROGUE  GUN 
TIMING 
BAROSTAT 

SPEED  SENSOR 
ROCKET  UPWARD  CONTROL 
OROGUE  RELEASE 
MAIN  CANOPY  RELEASE 
SEAT  ADJUSTMENT 

irar-iowd) 


0  TO  600  KEAS 

TRACTOR 

ROCKET 

CURVED 

TRACK 

SUPINE 

CONCEPT 

STD  VS  PR  VS  FR  VS  STD  VS  FR  VS  FR  VS  CONCEPT 
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TABLE  C-1.  FUNCTIONAL  ELEMENTS  MATRIX  (CONTOI 
(Not*:  STD-Standard;  FR-Fixad  Rockat;  VS-Vartical  Staffing.) 


ESCAPE  SYS 


0  TO  480  KEAS 


0  TO  600  KEAS 


CONCEPT 


FUNCTIONAL 


ELEMENTS 


•  STABILIZATION 


INFLATABLE 


MAIN  CANOPY 
ROCKET 

□ROGUE  STAGING 

•  SEAT  SUBSYSTEMS 
□ROGUES 

MAIN  CANOPY  (2B  FT) 
HARNESS  RELEASE 
SURVIVAL  EQUIPMENT 
SERVICES 

•OXYGEN-REGULAR 

OXYGEN-EMERGENCY 

ANTI-"G" 

(VIA  CONSOLE) 

VENTILATION 
(VIA  CONSOLE) 

AUOIO 

(VIA  CONSOLE) 

•  RESTRAINT 
-  PASSIVE 

LEG  GUAROS 
HEAO  REST 
ARM  REST 
SEAT  PAN 
BACK  PAD 
LAP  8ELT 

SHOULDER  HARNESS 
17»7-143W(2! 


TRACTOR  CURVED  SUPINE  TRACTOR  CURVED  SUPINE 

ROCKET  TRACK  CONCEPT  ROCKET  TRACK  CONCEPT  PREFERRED 


VS  STO  VS 


VS  CONCEPT 
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TABLE  C-1.  FUNCTIONAL  ELEMENTS  MATRIX  (CONTD) 
(Now.  STOStandard;  FR'Fixad  Rocktt;  VS-Vtrtical  Staaring.) 
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APPENDIX  D 


MODULAR  LIFE  CYCLE  COST  MODEL  (MLCCM)  DATA 


•  •••••  *l.CC"  OUTPUT  •••*• 

THIS  HU"  «A3  MAO£  tJN  02/05/79  A  T  14,46,32 

A/C  DESIGNATION  ■  PICHTES  BASE  LIFE  CYCLE  ■  180,00  NORTHS 

OUTPUT  YEAH  a  1 979  S/3  •  PHASE  SELECTED  ■  13  •  5 

•••*«•  TOTAL  COST  «  *  6,508  BILLION  *••••* 

"AST  PHASE  AND  3UBSY3TE"  SUHTOTALS?  •••  l»7t8,0aNO 


SUHTUTALS  BY  PHASE  (In  "ILLIOHS) 


ROTEEt  2A/C) 
A  I  HfP A"E 

Engine 

AVIUHIL8 

CIA 

PROP  1 7 

1*17  SUP 
CU3T 
SPARES 
S  l 

CON  THN 

OATA 

CCA 

PROF I T 


MX 

51:115 


42 


i!:«l 

0,000 

‘|1:J1J 

21.389 


UN 


NIT 

100 


PPOD^CTJQN 


A"E 


WJSIc, 


IVl 

^RUP I T 


:  J 

a  S 
a  3 
a  I 
a  S 


MW  * 

0,0<)Q  * 

0,000 

:rn 


OPERATIONS  l  SUPPORT 
BASE  hAINTENANCE 
BASE  OPERATIONS 
BASE  TRAIN  I NC 
DEPOT  AIOpAahE 
DEPOT  COHP  REPAIR 
DEPOT  ENGINE  REPAIR 
replenishment  SPARES 

NON-DESIGN  RELATED 

PUL  ■  *  895,254 


3CVo 

liil:|H5 

Wl 
I?  Wl 

2369,0990 
!  >66, 568 
297,604 
395.239 
a»,a«o 

750,412 


17»7-144W 


Fjgura  D-1.  MLCCM  Output  for  Fightar  Batalina 
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*****  PLCC*  UUTPUT  •  ••*• 

T  M 1 3  RUN  0*3  HADE  ON  02/00/79  AT  09,41,36 

A/C  OF  SIGnAT ION  a  FIGHTER  H3LPC  LIFE  CYCLE  ■  130,00  MONTHS 

OUTPUT  VtAR  a  1 9 T9  3/3  •  PHASE  StlECTtO  •  11  •  3 

TOTAL  COST  a  3  6,469  SILL  ION  ****** 

ant  Phase  and  surtSYSTt*  SUBTOTALS?  i  a VF  3, 0*nu 


SUHTOTAl 3  HY  PHASE  (IN  HlLLIQNS) 


i :«» 


ROUE ( 

AIwTft*HE 

ENGINE 

avionks 

(aft  A 

PhI'FIT 


I N  I  T 


sop 

“Shapes 

3  E 

CUN  TRN 
DATA 
GS.A 

PWUFIT 


1B1.2427 

299;|72 

o.c-  : 

0,000 

40.310 

1«,360 

216,4279 

‘51:31? 

4 i : 4 i2 

0,000 

21.991 


UNIT 

100 


CUN  auk 
1  TU  S02 


PRODUCTION  a  | 

AfRFRAMF  «  2 
ENGINE  a  | 
AVIONICS  a  $ 
U  A  A  a  3 

PROFIT  a  s 


OPERATIONS  t 

it 


UPPONT 
NANCE 

B  A  RETRAIN  j  nH^  * 


Kilt  SHIM 


DEPOT  AIM* NAME 
DEPiJT  C0"P  REPAIR 
depot  engine  repair 

HEPLEnISHHEnT  SPARES 

other 

NON*DtSIGN  RELATED 


296S 

& 

ill 

213 

7 

799 


543* 

m 

099 

Ola 

000 

169 

104 

726 


POL  •  >  B9S , 254 


1787-145W 

Figura  D-2.  MLCCM  Output  for  Flghtar  MSLPC 
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*LCCm  OUTPUT  •••*• 

THIS  RUM  MAS  MADE  ON  02/06/79  AT  09, 51, 56 

A/C  DESIGNATION  «  PCNETR  m/RAO  BASE  LIFE  CYCLE  ■  180,00  MONTHS 

OUTPUT  YtAH  «  1679  S/s  -  PHASE  SELtCTEO  a  11  •  5 

. .  TOTAL  COST  •  $  8,721  BILLION  *•**•* 

XANT  PHASE  and  SUBSYSTEM  SUBTOTALS?  t«YtS,Q«NO 


SUBTOTALS  BY  phase  (In  MILLIONS) 


ROTiE(  2A/C)«  s 
aIhframe  a  s 
ENGINE  a  s 
IvroNics  ■  s 

Sit  «  9 

PROFIT  a  S 

I N I T  SUP  a  S 
COST  a  S 

SPARES  a  i 
S  E  as 
CON  TRNa  S 
OATA  a  S 
Git  a  S 

PROMT  a  S 


750,5019 

586,650 

0,000 

0,000 

;i:«? 

64,305 

55^622 

0,000 

ii*;778 

38,909 

27*761 


'"“TTSJffit 


A  V  10 
66A 
PROFIT 


Nt 

Nics 


UNj 

T 

0 

icYS 

)R 

»02 

■  *  7,21 
a  S  5;6S 
a  S  0,0 

a  i  o;oo 

1J1  1 
0  s 

0  % 

<>;:] 

167 

119 

too 

too 

: ! 


BASE  ?S(5ftH2Nl 
DEPOT  AIRFRAME 

8 58?  fte'ritH.. 

REPLENISHMENT  spares 
other 

NDN.DESI6N  RELATED 
POL  ■  »  917,977 


S 

s 

•  S 

II 

:i 

•  S 
a  S 
a  S 
a  • 


W 

ill 

0 

6*6 

9 

989 


169 

649 

9258 

in 

ill 

803 
000 
460 
986 
•  18 


17B7-146W 


Fifura  D-3.  MLCCM  Output  for  Pamtrator  Baialina 


*•••••  HCCCM  OUTPUT  •**#• 

THIS  BUN  WAS  MAOE  ON  02/06/79  AT  1S.21.S2 

4/C  DESIGN*!  10*-  «  PEnETR  w/OAO  *SLPC  LIEF  CYCLE  •  180,00  MONTHS 

OUTPUT  V£ am  ■  J97«  S/S  -  PHASE  SELECTED  •  IS  •  $ 

**»**«  TOTAL  COST  a  S  0.660  BILLION  ***••* 

-ANT  PHASE  AND  SUBSYSTEM  SUBTOTALS?  •••  t»YES,OPNO 


SUBTOTALS  by  phase  (In  MILLIONS) 


«1>THF(  2A/C)«  | 
AlMAPAHt  ■  * 

AVIONICS  ■  S 

USA  a  S 

profit  •  s 

I N I  T  SUP  ■  S 
COST  ■  S 

SPAHfcS  ■  S 
S  t  as 
C On  TMNa  S 

data  a  s 

til  A  a  S 

PROFIT  a  t 


737.2662 
576, 


.  .304 
0,000 
0,000 
“  “*B 
<1 


V  f  V  V  V 

67,02‘ 


303,548b 

2*2.277 

0,004 
tl«,670 
30,676 
27 ,595 


UNIT 

100 


a  S 
■  S 


ay|oniCS  a  | 
PROFIT 


a  S 
a  i 


!:«?•  l 

'ill?  1 


OPE  OAT  Tons 


*  OUPt'UHl 
INTtNANCt 

iKliS"* 


,  l  SUPPORT 

:  sr 

BASE  TbJ 
DEPOT  AlftFRAME 
DEPOT  COMP  repair 
OEPUT  Engine  NEPAIB 
REPLENISHMENT  SPARES 
other 

nun-oesign  RELATED 


CUM  70« 

S  TO  502 

.  S;S!S 

W:*« 

3468,8 Juj 

KM?* 

501,192 

mv* 
0,000 
493, (69 
9;960 
086,249 


POL  ■  »  917,977 


17S7-147W 


Figure  D-4.  MLCCM  Output  tar  Panatrator  MSLPC  With  Radar 


this  run  maoe  on  02/00/70  at  00,57,41 
*/e  design at lUf.  ■  pfnftb  */o  rao  mslpc  cire  cycle  «  i«o,oo  months 

OUTPUT  VI AR  a  J«7R  S/3  •  PHASE  SELECTED  «  IS  •  5 

•»*«•»  TOTAL  COST  ■  S  9,611  BILLION  •***•* 

"A NT  PHAST  and  SUBSYSTEM  SUBTOTALS?  •••  laYES,OaNU 


SUBTOTALS  BY  PHASE  ( ( N  MILLIONS) 


"PT»Mitf  * 

ENGINE  a 
AVIONIC#  ■ 

GAi  a 

PROFIT  a 

IMT  SUP  a 

COST  * 
SPARES  a 
S  f  a 
CON  THNa 
OATA  a 
OLA  a 

PHOF1T  a 


HM«:1 

0,000 

0,000 

:!:W 


SOl.SuSu 
’**  ’14 

.ii9 

J,000 

116,560 

56.421 

27.414 


"way 

Bfifl 

fcSoFIT 


AM*  > 


a  S 
s 
a  A 
a  ) 


UNIT 

100 

0,000 

0,000 

\in 


SOI  , S*»8b  OPERATIONS  A  S 

'if:!!!  UK  SMUt 

55, ISO  BASE  TRAIN* 

a  a  a  in  ml  n/«  *  t  an*  n 


A  SUPPORT 
‘ nAnCE 

_ _ .IONS 

BASE  TRAINING 
DEPOT  AIRFRAME 
DEPOT  CU5P  REPAIR 
OE  Put  ENGINE  nEPaIR 

replenishment  spares 

OTHER 

NQN-0E3IGN  RELATED 
POL  •  #  PIT ,077 


pyp 


502 


Ml 

0 

0 

•JOB 

2«M 

A46S 

§07 

JS7 

501 

102 

406 

0 

4S7 


1002 

4#1 

000 

000 

T!S 

oaoo 

111 

IIS 

sss 

607 

010 

050 


17t7-14aw 


Figura  0-5.  MLCCM  Output  for  Panatrator  MSLPC  Without  Radar 
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CUE*  SYSTF*  SURSYSTE*  *•****«••*••*•*•*»•* 


N0SEAT3  a 
LRNCSS  a 
F^SOEN  ■ 

NUACPSQ  a 

nuhse 7 J>» 

roTnMar  a 


l:W 

jiiloo 

22:§s 

2uoi4,oo 


•  input  OMIG^  PiPiMETEPS  • 

f*wh 


NO*<_ 

MiCRE*  a 
fiO*C  a 
NOH3f ( 1 )a 
UTLRATE  a 


irtjoo 

0,00 

100,00 


TYP3EAT  a 
NU6NS  a 
MAXMACH  a 
FHPAC  ■ 
NUm(2)a 
PROTO  * 


•  C03T  UR  MILLIONS)  * 


PflOU 


U* 


*17 
1 00 


>%  t 


02 


3/3  PROD  COST  «  9 
f  IN*L  A33Y  «  3 


,050  I 
,007  » 


1^3 

SPARES  a  t 
SUPPORT  EQUIP  a  3 
CONTRACTED  TRNG  a  3 
OATA  a  3. 


4«4 


t:S» 

2,0933 


,0353  3  31,4134 

0  3  9 

BASE  MAINTENANCE  a  3 
BASE  OPERATIONS  •  9 

base  training  >  * 
DEPOT  AlftPRANt  a  3 
DEPOT  CO*P  REPAIR  a  3 
REPk|N  SPARES  •  * 

NQN*DE9IGN  MEt  a  3 


,00 
,00 


JIM 

25*00 

2^00 

2,00 


m 

2;0«R 

12.T74 

,145 

3?|oU 


110,9082 


17»7-1S0W 


Figure  D-7.  Craw  Syitam  LCC  for  Fightar  MSLPC 
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NOSfc*TS  ■ 
LRMCSS  ■ 
F^GOEH  a 

NQACRSU  ■ 
NOH3fc(l)a 
TOTHWJT  a 


1,00 

«5 

e'«7 

STZjoo 

?«Joo 

tt  ,  00 

1278l|00 


>••  C*f"  SYSTEM  SUBSYSTEM  **••**••••••«•••**•* 

*  If.PUT  DESIGN  PAR AMfc  TENS  • 


t  SCGVQL  a 
noacmfc#  • 
nocre*  • 
MJ*C  a 
MlBSE ( 1)« 
URBATE  * 


IB^IOO 

37  Ml 


TTPSEAT  • 
NOEnG  a 
MAXMACH  a 
FHPAC  a 
NOBSE  (2)  a 
PPUTO  a 


•  COST  (IN  MJU.ICN3)  * 


PRllO 


UNIT 

too 


CUM  F^R 


1  TU 


02 


8/3  PROD  COST  a  a 
FlhtL  ASST  a  S 


,on  s 

,000  s 


•1010  a 


SPARES 

SUPPORT 

?UNTRAC7 


wr 


lmmim 

a  a 
a  S 

RNQ  a  a 

a  S 


*0,5010 
0  A  S 


,0t*0 

,200 

l:\ll 


*SE  mainTEna 

4  Kim 

‘POT  airfram 


ANCt 

g*s 


3,0227 


base 

8a  f- 

HaI  .  ^ . 

DEPOT  AlftrftAMfc 
OEPOT  COMP  REPAIR 
REPLEn  SPARES 
OTHER 

Nl'N»DE SIGN  REL 


2,00 

2!8o 

2,00 

ioJoo 

1.00 

2)00 


2ojooi 

«:«? 

!:!« 

s«:lH 


120,0155 
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Figure  D-8.  Craw  Syitam  LCC  for  Panatrator  Bataiina 
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UK: 


Nua 

LHN 

T« 
NOACPSO  a 

NOHSK  J)a 
Ti.iTMUiT  a 


C**-«  8V3TL*  SUHSVSTtH 


•  l '-pur  oesir.N  p*K*HtttHS  • 


st!:» 

2«,oo 

4,00 

1?«1«,00 


: 

HiCOfc*  a 
MUC  a 
^yHSKtna 
UTt»*T£  a 


nii;8? 
„»:§§ 
3  r  3 ;  S  S 


TYPStar  a 
NOEnS  a 
haxmach  ■ 
PMPAC  a 


•  OUST  (1M  MlLUO^a)  • 

p«no 


UNIT 

100 


CU"  7j^» 


I  TU 


02 


a/s  prod  cost  a  j 

FINIL  ASSY  a  s 


,094 
•  009 


4«,799 

4,292 


,1027  I 


SPARES 

SUPPORT  fcUUI 
Compacted  t 

oar* 


i-s 

a  » 

P  as 

HNk  a 


*9,0977 

oca 


:  i 


•Ail 

3:351 


l,«ruS7 


M»|NT6N4NCt  * 

■“ \ar%  : 

Uhl  a 
;POt  CU"P  HLPSIR  a 
„EN  SPARES  a 

UTmCu  a 

*UN«DCajBN  «fcl  ■ 


hast  maime** 

m  Ki«i« 

|p  -  ... 

Rf  PL 


2,00 

2*00 

2,00 

Jolao 

2.00 

2,00 


I 

34 


S 1 7 
4 
0 

a 

44 

064 

1!‘ 


126,9136 
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Figura  D-9.  Craw  Syatam  LCC  for  Panatratpr  M8LPC  With  Radar 
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APPENDIX  E 


FIGHTER  APPLICATION  DATA 


CDAF  PROGRAM 


Ml. 6  FIGHTER  CONFIGURATION 


MISSION  PROFILE 


»«**«**** ************ ******1 ******«**«(> 

COMPUTERIZED  INITIAL  SIZING  ESTIMATE 

«**LRH0-BR8E0  DESIGN***  F I GHTER-RTTRCl  F . WING-CANARD  AUI0MICS*1 1 00 


RETAINED  STGRE-W” *  0  C  .  SC-  OPAG=O.G 

1  .  V  DRAG*  C.C  1.30  0PRG*0 .  (■ 

external  store-wt*  o  c.so  dpag*g.o 

1.H  DRAG*  0.0  '.SC  ORRG=0 . 0 


.95  DRRG*G . 0 
DPA6*0.G 
.95  DPAG=0 . 0 
2.1  DRA6=G . 0 
.95  DPRG*0 . 0 
ORAG-O.C 


DPRG*0 . 0 
DPR6=0 . C 
OPAG=G . 0 
DP AG*0 . 0 
DPRG-G . 0 
DRRG=0 • 0 


EX". TANK-CAPACI TV*  0  C.SC  CRA6-0.0  .95  ORAG=0.0  1.1  DRAG*0 . 0 

DRAG*  0.0  ' .  SO  DPA6*0 . 0  2.1  ORRG-C.C  Z.5  DRAG=0.0 

INTERNAL  STORE  NT*  1000  CPEW  -  PASS*  *  MAM. MACH* : . 90  ULT. L. F. =  9.8 
MO. OF  I UTEPMAL  PACKS*  4  EM".  RACKS  *  0  PVLOH  HO.  *  0  FIXED  UT=1391 
M I  MG  MTL.  PC".  SAU;HG*33  U.7AIL  PCT. =31  H."AIL  R02Z  BODY  RCT.  =2<» 
GEAP  MTL .  PC". SA1'IMG=25  A. I  HD.  PCT. =2r  GROUTH  PCT*  0  SFC  FRC"OR= 
SEA-LEI'EL  MAM.  MACH* 1 . 20  ENG.  TxW*  0.C  *ENGINE  EDUIPPED  UITH  AH  Ax 
HOUPIV  PA"ES-ENG. *  0.0  MAHUFAC.*  C.C  MFG.SUP*  C.O  P.CN"L.=  0.0 
FLIGH"  "EST  RA"E  =0.0  MANGHEHT*  0.0  TOOLING*  C.C  S  REF. VP*  0 
PPODUC " I  ON  DU ANT. *  0  IOC  VEAR*  0  G.ANO  A*.0  PROFIT  *.C 


NAM. MACH* 1 . 90  ULT. L. F. *  9.8 
PVLOM  MO.  *  0  FIXED  NT* 1891 


♦EMGIME  EDUIPPED  UITH  AH  Ax 
MFG.SUP*  C.O  D. CN"L. =  0.0 


S  REF. VR* 
RPOFIT  *. C 


HOUPLV  PA"ES-ENG. *  0.0  MAMUFAC.*  C.C  MFG.SUP*  C.O  P.CM"L.=  0.0 

FLIGH"  "EST  RA”E  =0.0  MANGHEHT*  0.0  TOOLING*  C.C  S  REF. VR*  0 

PPODUC"! ON  QUANT.*  0  IOC  VEAR*  0  G.ANO  A*.0  RPOFIT  =.C 
THE  MISSION  PROFILE  IS  SHOWN  BELOW 

UAFNUP  15.00  MINUTES  AT  PCT  POUEP 

-RlEOFF  AND  ACCELERATE  TC  CLIMB  SPEED  WITH  100  PCT  MRX.AB 
DUMMV  SEGMENT  .  0  FTxMACH  0 . HO ) 

MINIMUM  FUEL  ACCEL  ='00  PC"  POUER  TO  C FTxMACH  C . 90  IN  ***SEC 
CLIMB  TO  CRUISE  ALTITUOE  AT  MACH  0.90  AND  100  PCT  POUER 
CRUISE  * 0  0 MM.  AT  BEST  ALTITUDE  AMO  MACH  NUMBER 

MINIMUM  FMEL  ACCEL  *100  PCT  MAX. AB  TO  H1500F7/MACH  1.60  IN  ***SEC 
CLIMB  TO  CRUISE  ALTITUOE  FT  MACH  1.60  AND  100  RCT  MAX. AB 
CRUISE  250 NM.  AT  BEST  RL’ITUDE  AND  MAQH  1.60 

COMPUTE  MAX. TURN  CAPABILITY-  ZOOOOFTxtlACH  ’.20  AND  100  PCT  MAX. Re 
COMBRT -1.0  7UPHS  A"  5.THG  ,3000GFT/MACH  1.20 

COHPMTE  MAX. TURN  CAPABILITY-  30000FTXMACH  0.90  AND  100  PC"  MAX. AB 
COMBAT-2 « 0  TUPNS  AT  H.93G  .30000FTxMRCH  0.90 

COMPU'E  MAX. TURN  CAPABILITY-  30000FT/MACH  C.9C  AND  100  PCT  MAX. AB 
COMPUTE  MAX.TUPN  CAPABILITY-  SOOOOFTxmACH  1.60  AND  *00  PCT  MAX. AB 
DUMMV  SEGMENT  < 30000RT/MACH  0.90) 

MINIMUM  time  ACCEL  *100  PCT  MAX.AB  TO  30000FTXMACH  1.60  IN  ***SEC 
DROP  EXPENDABLE  STORES 

CRUISE  250 NM.  AT  BEST  ALTITUDE  AND  MACH  1.60 
DUMMY  SEGMENT  <  0 FTxMACH  0.90) 

CRUISE  100MM.  A"  BEST  ALTITUDE  AND  MACH  MUMBER 
LOITER  20MIM  AT  OFT  AND  BEST  MACH  MUMBER 
FUEL  ALLOWANCE  EQUALS  5.0  PERCENT  OF  TOTAL  FUEL 

17S7-1S4W 


,60  IN  ***SEC 
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to  Ln  -i 


CDAF  PROGRAM 


Ml. 6  FIGHTER  CONFIG.  NO.  007 
DATA 


****RESULTS**** 

WING  SIZING  CRITERION:  INPUTTEO  U/S 
THRUST  SIZING  CRITERION:  INPUTTED  T/W 


WING-APEA=  365  AR  = 

3.00 

T/C-ROOT6. 045  L.E  SWEEP=57.0  TAPER60.150 

U.T.-AREA6 

7C  AR= 

1.03 

T/C(AUG>=. 036  .25  SWEEP=52.8  TAPEP 

=0.168 

H.T.-AREA6 

56  AR  = 

2.68 

T/C-'A(*G)  =  .036  .  25  SWEEP=46.7  TAPEP 

=0 .  1  60 

BOOV-AREA6  826  WD  = 

5.19 

LEN. ,FT 

.  =  56  UOL: TOT.  =  1184  PRESS 

=  30 

ENG.  NRCELLEB 

AREA  = 

0 

CAP. AREA6  355  DUCT  LEM617.56  ENGS. 

—  O 

TOTAL  WETTED 

AREA  = 

1629 

CL(MAX. 

>=1.03  LANDING  STALL  SPEED, KN=  IIP 

HORIZONTAL  tril  ARM, 

FEET  = 

16.8 

DRAG  RISE  MACH  NUMBER 

0.900 

OUERRLL  FINENESS  RATIO  = 

10.04 

TOTAL  THRUST-SLS .MAXIMUM  R/B= 

24625 

TAKEOFF  WING 

LOADING 

,  W/S« 

65.7 

TAKEOFF  THRU6T-T0-UEIGHT ,T/U= 

1 .0  28 

TAKEOFF  DIST. 

(GROUND 

RUN)  6 

925 

LANDING  DISTANCE<GROUMD  RUN)6 

1065 

WEIGHT 

BREAKDOWN 

WT.  EMPTV  = 

15492 

WING 

=  1311 

FUEL  SVST . =  002  AIR  COND= 

432 

CREW  WT.  6 

240 

V .  T A I L  =  295 

MI  SC. PROP. =  1 63  HANDLING6 

6 

RACKS, PVL6 

30  0 

H.TAIL=  305 

SURF . CNTLS6  523  FIXED  WT= 

1891 

MI  SC. U. L .  = 

293 

BOOV 

=  2594 

HYDRAULICS6  326  GROWTH  = 

0 

STORE  WT. = 

1000 

GEAR 

=  822 

ELECTRICAL6  570  FLT.DES.6 

22631 

TOT. FUEL  = 

661  8 

E. SECT=  483 

AU I  ON ICS  =  1736  ST P. DEN. 6 

7.71 

TAKEOFF  WT . = 

23944 

ENGINE6  2370 

FURN+EQUIP6  757  AIRFRAME6 

9133 

FUEL  BREAKDOWN 

DIST.  ALT. 

MACH 

L/D 

T.AUL  DRAG  SFC  TIME 

FUEL 

0.0  0 

0.0 

0.0 

15985 

1  1  19  1.643  15. 0/1 1 N 

460 

0.0  0 

0.40 

11.56 

23684 

2024  1.904*  O.CNIN 

181 

0.0  0 

0.40 

0.0 

0 

0  0.0  O.CNIN 

C 

3.5  0 

0.90 

4.  19 

17488 

5539  1.309  29. 1  SEC 

170 

.  18.9  40500 

0.90 

12.54 

4890 

1815  1.154  2.2MIN 

436 

62.4  41500 

0.90 

12.56 

4662 

1787  1.215  7 .2111 H 

265 

15.2  41500 

1.60 

3.95 

12905 

5626  1.979*  77.3SEC 

40  3 

14.5  58500 

1.60 

6.70 

5650 

3256  1.996*  1.CMIN 

261 

235.5  59500 

1.60 

6.68 

3198 

3093  1.353  15.4MIN 

1 1  C  2 

P<$)  AUAIL= 

0  P(S) 

REQ= 

0  AT 

5.74G,  30000  FT, MACH  1.20(CL6 

0.51) 

3.1  30000 

1.20 

7.30 

15236 

15187  1.932*  0.7MIN 

337 

P<$)  aua;l= 

0  P(S) 

REQ= 

0  AT 

4.93G,  30000  FT, MACH  0.90(CL  = 

0.78) 

10.7  30000 

0.90 

8.41 

121  19 

12095  1.864*  1.2MIN 

455 

P<S)  A11AIL  = 

0  P(S> 

REQ= 

0  AT 

4.50G,  30000  FT, MACH  0.90(CL= 

0.78) 

P<S)  AUAIL= 

0  P(S> 

REQ- 

0  AT 

2.54G,  50000  FT, MACH  1.60CCL6 

0.36) 

0.0  30000 

0.90 

0.0 

0 

0  0.0  O.OMIN 

0 

10.1  30000 

1.60 

2.46 

19966 

9193  2.045*  49.8SEC 

c 

DROP  STORES  AT  50000. 

FEET 

250.0  62500 

1.60 

6.68 

2761 

2676  1.357  16.3NIN 

1016 

0.0  0 

0.90 

0.0 

0 

0  0.0  O.OMIN 

0 

100.0  52000 

0.90 

12.29 

2826 

1428  1.146  11.6MIN 

320 

62.8  0 

0.28 

11.31 

16372 

1474  1.767  20.0MIN 

881 

0.0  0 

0.0 

0.0 

0 

0  0.0  O.OMIN 

331 

COMBAT  WEIGHT  = 

'  22630. 

LBS. 

PUN  ON  10/30/73  WITH 

1977B 

UERSION 

OF  CISE 

CDAF  MACH  1.6 

FIGHTER 

FWC 

(2)  CDAFVJ1 8  ENGINES  FTRLAST  POL 

17S7-155W 
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BASELINE  Ml. 6  FIGHTER 


ASL-495F-007A 
BASELINE  DATA 

****RESULTS**** 

U I  MG  SIZING  CPITEPION:  INPUTTED  W/S 

THRUST  SIZING  CRITERION:  INPUTTED  T/W 

HING-APEA*  368  HP*  3.00  T/C-ROOT*. 045  L.E  SWEEPS?.  0  TAPEP*0  150 
u. 7. -AREA*  ?l  RR=  1.03  T/CCftU6'»  =  .  0  36  .25  SWEEP*?2.8  TAPER*0;168 

H.T.-AREA*  57  AP  =  2.68  T/C < AUG >= . 0 36  .25  SWEEP*46.7  TAPER*0.160 

BODV-AREA*  828  WO*  5.20  LEU., FT.*  56  UOL:TOT.=  1189  PRESS*  80 

ENG.  NACELLES  AREA  =  0  CAP. AREA*  358  DUCT  LEN*17.58  ENGS.*  2 

T-OTRL  WETTED  AREA  =  1640  CL< MAX.  >  =  1 .  0  3  LANDING  STALL  SPEED1,  KH*  117 

HORIZONTAL  TAIL  ARM,  FEET*  16.8  DRA6  RISE  MACH  NUMBER  *  0  900 

OUERALL  FINENESS  RATIO  =10.02  TOTAL  TNRUST-SLS , MAXIMUM  A/B*  2H791 

TAKEOFF  WING  LOADING,  W/S*  65.6  TAKEOFF  THRUST-TO- WEIGHT, T/W*  1.027 


TAKEOFF  DIST; 

<  6R0UND 

RUN)  * 

925 

LANDING  01  STANCE? 6R0UN0  RUNft* 

>  t  Vkr 

1065 

WEIGHT 

BREAKDOWN 

WT.  EMPTV 

« 

15589 

WING  * 

1  S3 1 

FUEL  SVST . * 

906 

AIR  CONO* 

432 

CREW  WT. 

St 

279 

U.TAIL* 

298 

HISC.  PROP'.  * 

163 

HANDLING* 

6 

RACKS, PVL 

S 

30  0 

H. TAIL* 

309 

SURF. CNTLS* 

526 

FIXED  WT* 

1891 

MISC.U.L. 

s 

294 

BOOV  * 

2606 

HYDRAULICS* 

327 

GROWTH  * 

0 

STORE  WT. 

5 

1000 

GEAR  * 

827 

ELECTRICAL* 

571 

FLT.OES.* 

22805 

TOT. FUEL 

=5 

6665 

E . SECT  * 

486 

AUIONICS  * 

1736 

STR. DEN. = 

7.74 

TAKEOFF  WT. 

35 

2H128 

ENGINE* 

2339 

FURN»EQU1P* 

278 

AIRFRAME* 

9208 

FUEL  BREAKDOWN 


0 1  ST 

ALT . 

MACH 

L/O  T.AUL  DRA6  SFC  TIME 

FUEL 

0.0 

f! 

0.0 

0.0 

16092 

1126 

1.643  15.0MIN 

463 

0.0 

0 

0.40 

11.57 

23343 

20  37 

1.904*  O.OMIN 

183 

o.c 

0 

0.40 

O.G 

0 

0 

0.0  O.OMIN 

0 

3.  5 

0 

0.90 

4.20 

17605 

5576 

1.309  29.2SEC 

171 

19.0 

40500 

0.90 

12.55 

4923 

1327 

1.154  2.2MIN 

439 

C*  C  • 

41500 

0.90 

12.58 

4693 

1798 

1.215  7.2MIN 

267 

15.2 

41500 

1  .  60 

3.95 

12991 

5669 

1.979*  77.4SEC 

406 

14.5 

53500 

1 .60 

6.70 

5688 

3279 

1.996*  1.0MIN 

263 

235.5 

59500 

1 . 60 

6.69 

3219 

3115 

1.353  15.4MIN 

1110 

P'S)  AUAIL* 

o  p-;s) 

kEQ* 

0  AT 

5.74G,  30000  FT. MACH  1.20<CL*0 

.51) 

3.  1 

30000 

1.20 

7.81 

15333 

15289 

1.932*  0.7MIN 

340 

P'S)  A»AIL= 

0  P<S> 

RED* 

0  AT 

4.93G,  3 

0000  FT, MACH  0.90<CL=0 

.78) 

10.7 

30000 

0.90 

8.42 

12200 

12176 

1.864*  1.2MIN 

458 

P<S)  AUAIL* 

0  P<S> 

REQ* 

0  AT 

4.50G,  30000  FT, MACH  0.90(CL*0 

.78) 

P<S>  AUAIL* 

0  P<S) 

REQ* 

0  AT 

2.S4G,  5 

0000  FT, MACH  1.60<CL*0 

.36) 

0.0 

30000 

0.90 

0.0 

0 

0 

0.0  O.OMIN 

0 

10.2 

30000 

1 . 60 

2.46 

20100 

9263 

2.045*  49.8SEC 

0 

OPOP  STORES  AT 

50000. 

FEET 

250.0 

62500 

1 . 60 

6.68 

277? 

2696 

1.357  J6.3MIN 

1024 

0.0 

0 

0. 90 

0.0 

0 

0 

0.0  O.OMIN 

0 

100.0 

52000 

0.90 

12.30 

2345 

1438 

1.146  1I.6MIN 

322 

62.  8 

n 

0.28 

11.32 

1  6481 

1485 

1.766  20.0MIN 

888 

0.0 

f: 

0.0 

0.0 

0 

0 

0.0  O.OMIN 

333 

COMBAT 

WEIGHT* 

22805. 

LBS. 

PUN  OH 

02/02/79  WITH 

1  977B 

UERSION 

OF  CISE 

MSLPC  MACH  1.6 

FIGHTER  FWC 

<2)  COAFVJ1 8  ENSINES  FTRLAST  PO 

LAP 

ir«MS«w 
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MSLPC  APPLICATION 


FIGHTER  CONFIG  NO.  007LPC 

AERO  FACTORS  DATA 

***#:RESULTST*** 

UING  SIZING  CRITERION  INPUTTED  U/S 
THRUST  SIZING  CRITERION  INPUTTED  T/U 

UING-AREA*  365  AR  =  3  00  T /C -ROOT = . 045  L  E  SUEEP=57  0  TAPER*0.150 

U  T  -AREA*  68  AR=  1.03  T/C ( AUG > = . 036  .25  SUEEP=52.3  TAPCR=0  168 

H.T  -AREA*  56  AR=  2. 60  T/C ( AUG ) = . 036  .25  3UEEP=46 .7  TAPER-0  160 

BODY-AREA*  811  UD  =  5  12  LEN.  ,  FT .  =  56  UOL  TOT.-  1155  PRESS*  80 

ENG  NACELLES  AREA  =  0  CAP. AREA*  346  DUCT  LEN=17.41  ENGS . *  2 

TOTAL  WETTED  AREA  *  1613  CL (MAX .  >=1 . 03  LANDING  STALL  SPEED, KN=  117 
HORIZONTAL  TAIL  ARM,  FEET*  16.7  DRAG  RISE  MACH  NUMBER  *  0.900 

OUERALL  FINENESS  RATIO  =  9.99  TOTAL  THRUST- SLS, MAXIMUM  A/B*  24014 

TAKEOFF  WING  LOADING,  U/S*  64  8  TAKEOFF  THRUST-TO-UEIGV’.T .  T/U*  1.016 

TAKEOFF  DIST. (GROUND  RUN)*  923  LANDING  DISTANCE ( GROUND  RUN)*  1064 


WEIGHT  BREAKDOWN 


UT  EMPTY 

= 

15330 

UING  * 

1802 

FUEL  S YST . = 

888 

AIR  COND* 

432 

CREW  UT 

= 

279 

U. TAIL* 

286 

MISC. PROP  = 

161 

HANDLING* 

6 

RACKS'-  PYL 

= 

300 

H. TAIL* 

304 

SURF. CNTLS* 

519 

FIXED  UT* 

1391 

MISC. U. L. 

a 

290 

BODY  = 

2546 

HYDRAULICS* 

324 

GROWTH  = 

0 

STORE" UT 

2 

1000 

GEAR  = 

814 

ELECTRICAL* 

567 

FLT . DES . = 

22349 

TOT  FUEL 

= 

6430 

E. SECT* 

470 

AUIONICS  = 

1736 

STR. DEN. * 

7  84 

TAKEOFF  UT 

= 

23630 

ENGINE* 

2300 

FURN+EQUIP* 

278 

AIRFRAME* 

9051 

FUEL  BREAKDOWN 


DIST 

ALT. 

MACH 

L/D 

T  AUt.  DRAG 

SFC 

TIME 

FUEL 

0.  0 

0 

0  0 

0  0 

1 5583 

1091 

1. 643 

15. OMIN 

448 

0.0 

0 

0  40 

11  60 

23096 

1990 

1. 904* 

0. OMIN 

179 

0  0 

0 

0  40 

0. 0 

0 

0 

0.  0 

0  OMIN 

0 

3.6 

0 

0  90 

4  18 

17054 

5483 

1. 309 

29. 6SEC 

168 

19  2 

40500 

0  90 

12.60 

4  768 

1783 

1.  154 

2. 3MIN 

431 

62.  0 

41500 

0  90 

12.  63 

4546 

1754 

1. 212 

7. 2MIN 

258 

15  2 

41500 

1 . 60 

4  07 

12584 

5392 

1  979* 

77. 5SEC 

393 

15  2 

59000 

1 . 60 

6  94 

5377 

3103 

1  997* 

1  . OMIN 

263 

234  8 

60000 

1  60 

6.93 

3043 

2951 

1  354 

15. 4MIN 

1049 

P('S>"  AUAIL* 

0  P  ( S ) 

REG* 

0  AT 

5.78G,  30000  FT, MACH  1.20(CL=0 

.  51) 

8  0 

30000 

1 . 20 

7. 97 

14857 

14810 

1 . 932* 

0. 7MIN 

326 

PIS)  AUAIL* 

0  P(S) 

REG* 

0  AT 

4.92G,  30000  FT, MACH  0  90(CL=0 

77) 

10  7 

30000 

0  .  90 

8.52 

11818 

11797 

1 . 364* 

1 . 2MIN 

444 

P<S)  AUAIL* 

0  P  (  S  ) 

REG* 

0  AT 

4.50G,  30000  FT, 

MACH  0. 90 ( CL=0 

.  77) 

P(S)  AUAIL* 

0  P(S) 

REG* 

0  AT 

2.56G,  5< 

3000  FT, MACH  1.60(CL=0 

.  36) 

0.  0 

30000 

0  90 

0 . 0 

0 

0 

0.  0 

0. OMIN 

0 

10  2 

30000 

1 . 60 

2. 54 

19471 

8304 

2.045* 

49. 9SEC 

0 

DROP  STORES  AT 

50000. 

ffft 

250  0 

63000 

1.60 

6. 93 

2627 

2556 

CD 

hi 

to 

H 

1673MIN 

971 

0  0 

0 

0. 90 

0.0 

0 

0 

0.0 

0. OMIN 

0 

100  0 

51500 

0  90 

12. 43 

2822 

1400 

1 .  149 

11. 6MIN 

314 

63  9 

0 

0 . 29 

11.42 

1S978 

1447 

1 . 767 

20. OMIN 

865 

0  0 

0 

0.0 

0  0 

0 

0 

0  0 

0. OMIN 

322 

COMBAT 

WEIGHT* 

■  22349. 

LBS. 

RUN  ON 

01/24/79  WITH  " 

1977B 

UERSION 

OF  CISE 

MSLPC  MACH  1.6  FIGHTER  FWC  (2)  CDAFYJ18  ENGINES  FTRLAST  PO 
LAR 

17«7-IS7W 


202 


DEFLECTION  WEDGE  APPLICATION 


MS!. PC/ TIGHTER  CONFIG.  NO.  007  LPC 
ESCAPE  FACTORS  DATA 


****RESULTS**«* 


HI  MG  SIZING  CRITERION:  INPUTTED  W-S 
THRUST  SIZING  CRITERION:  INPUTTED  T  'W 


WING-RRERe 

366 

RP  = 

3.00 

T /C-ROGT= . 0 45 

L.E  SWEEP=57. 0 

TRPERfcO. 150 

U.7. -APEA= 

68 

AR  = 

1.03 

T'C<AUG>=. 036 

.25  SWEEP=52. 8 

TRPER*=0.  168 

H.T. - APEA= 

■56 

RR  = 

2.  68 

T /C •' RUG)  = .  0 36 

.25  SWEEP=H6 . 7 

TAPER=0. 160 

BODV-RREAc 

812  WD= 

5.  12 

LEN. ,FT. =  56 

UOL:  TOT .  =  1157 

PRESS=  80 

ENG.  NRCELLES  AREA  =  0  CRP.RRERe  3 4?  DUCT  LEM=17.42  EMGS.=  £ 
TOTRL  WETTED  RPER  =  1616  CLCMAX. )=1 . 03  LRNDING  STRLL  SPEED, KN*  117 
HORIZONTAL  TRIL  RRM,  FEET  =  16.7  DRAG  RISE  MACH  NUMBER  =  0.900 
OOERALL  FINENESS  RATIO  =  9.99  TOTAL  THRUST-SLS , MAXI  MUM  R/B=  24075 
TAKEOFF  WING  LOADING.  W/S=  61. 8  TRKEOFF  THRUST-TO-WEI GHT , T/W=  1.016 
TAKEOFF  OTST. (GROUND  RUN)  =  923  LANDING  DISTANCE( GROUND  RUN)  =  106H 


WEIGHT  BREAKDOWN 


NT.  EMPTY  = 

1  5379 

WING  = 

1308 

FUEL  SYST.s 

889 

RIR  COND= 

432 

CREW  WT.  = 

274 

0. TAIL® 

287 

MISC. PROP. ** 

162 

HANDLING** 

6 

RACKS ,PVL= 

30  0 

H.  T A I L  = 

305 

SURF.CNTLS- 

520 

FIXED  WT= 

1  891 

NISC. U. L. - 

290 

BODY  = 

2550 

HYDRAULICS<= 

324 

GROWTH  = 

0 

STORE  WT . = 

10  00 

GEAR  = 

816 

ELECTPICRL*= 

568 

FLT. DES. = 

22407 

TOT. FUEL  = 

6446 

E. SECT** 

471 

AU I  ON  ICS  = 

1736 

STR. DEN. = 

7.86 

TRKEOFF  WT. = 

23690 

ENGINE** 

230  7 

FURN+EQUI P= 

302 

RIRFPAMEt 

9093 

FUEL  BREAKDOWN 


DIST. 

ALT. 

MACH 

L/O 

T.RWL 

DRAG 

SFC  TIME 

FUEL 

0.0 

r. 

0.0 

0.0 

15628 

1094 

1.643  15. CHIN 

H49 

0  . 0 

r. 

0.40 

11.61 

23155 

1  994 

1.904*  O.OMIN 

1  80 

0 .  0 

0 

0 . 40 

0.0 

0 

0 

0.0  O.OMIN 

0 

3 . 6 

c 

0 . 90 

4.18 

1  70  97 

5493 

1.309  29.6SEC 

169 

1  rA  f 

40500 

0 . 90 

12.60 

4781 

1737 

1.154  2.3MIN 

432 

62.0 

4  1  50  0 

0 . 90 

1  £  ■  6  j* 

4558 

1758 

1.212  ”. 2MIN 

259 

41500 

1  .  60 

4.07 

12616 

5404 

1.979*  77.5SEC 

394 

15.2 

590  00 

;  .  60 

6.94 

5390 

3110 

1.997*  1.011  IN 

263 

234.8 

600  0  0 

i  .  60 

6.93 

30  51 

2953 

1.354  1  5. 411  IN 

1051 

PCS)  RUR I L- 

0  P  c  s  > 

REQ  = 

0  RT 

5.73G,  30000  FT , MRCH  1 . 20  < CL=0 

.51  > 

8.0 

300  0  0 

1 .  20 

7.  97 

1  4895 

1  4848 

1.932*  0.7MIN 

327 

PCS)  RURIL= 

0  PCS) 

REO  = 

0  RT 

4.92G,  3 

0000  FT. MRCH  0.90<CL*=0 

.77) 

10.3 

30000 

0 . 90 

8.52 

1  1848 

1  1827 

1.864*'  1.2MIN 

945 

PCS)  A"AIL= 

0  P  C  S  ) 

REQ  = 

0  RT 

4.50G,  3 

0000  FT, MRCH  0.90CCL*=0 

.  77) 

P'S)  RURIL  = 

0  P  <  S ) 

RED** 

0  RT 

2.56G,  5 

0000  FT. MRCH  1.60(CL=0 

.36) 

0.0 

30000 

0.  90 

0.0 

c 

0 

0.0  O.OMIN 

0 

10.2 

30000 

1  .  60 

2.54 

1  9520 

8823 

2.045*  49 . 9SEC 

0 

DROP  ST 

ORES  RT 

50000. 

FEET 

250.0 

630  0  0 

1 . 60 

6.93 

2634 

2562 

1.353  16.3MIN 

973 

0 .  0 

0 

0.90 

0.0 

0 

0 

0.0  C .GUI H 

0 

10  0.  0 

51500 

0 . 90 

12.43 

2330 

1403 

1.149  '  1  .  611  IN 

7  1  c, 

63.  9 

0 

0.29 

11.43 

16018 

1450 

1.767  2C.CMIN 

367 

0.0 

0 

0.0 

0.0 

0 

0 

o.o  r-.omn 

322 

CCIIBRT 

WEIGHT  = 

22406. 

LBS. 

i 

PUN  ON 

11-29/78  WITH 

19778 

UERSION 

OF  CISE 

11SLPC  MACH  1.6  FIGHTER  FWC  (2)  CDAFVJ1 8  ENGINES  FTRLRST  PO 
LAP 

1787-158W 
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T 


TRACTOR  ROCKET  APPLICATION 


TO 

MSLPC/ FIGHTER  CONFIG  NO.  007LPC 

ESCAPE  FACTORS  DATA 

****R£SULTS**** 

WING  SIZING  criterion:  inputted  w/s 

THRUST  SIZING  CRITERION:  INPUTTED  T/W 
"yi  NG-AREA- — 365 — AR~3755  t/C-ROOT- . 045"  L.E  SWEEP-57.0  TAPERiO.150 
V, T . -AREA*  68  AR-  1.03  T/C ( AVG > * . 036  .25  SWEEP-52.8  TAPER-0.168 

H . T . -AREA*  56  AR-  2.68  T/C ( AUG ) * . 036  .25  SWEEP-46.7  TAPER-0.160 

"BODY-AREA*  81 6  WD-  5.11  LEH.fFr.S~  56  UOL:TOT.=  1154  PRESS-  80 

ENG.  NACELLES  AREA  -  0  CAP. AREA-  346  DUCT  LEN-17.41  ENGS.-  2 

TOTAL  WETTED  AREA  -  1612  CL (MAX . )»1 .03  LANDING  STALL  SPEED »KN-  117 
nTORTTOHTAL  TAIL  ARM.  FEET-  T677  DRAG “Rl  SE'MACH  NUrtiEl?  ~6796d~ 

OVERALL  FINENESS  RATIO  *10.00  TOTAL  THRUST-SLS. MAXIMUM  A/B-  23982 

iTAKEOFF  WING  LOADING.  W/S-  64.8  TAKEOFF  THRUST-TO-WEIGHT.T/W-  1.016 

"l7ikE0FFntilSTT( GROUND  RUNTS  923  LANDING  DISTANCE (GROJnD  RUN)-  1064 


WEIGHT  BREAKDOWN 


UTT~EHPTV 

“I5XIT" 

UING — sr 

“1799 

“FUEL  SYST .-" 

887“ 

"  AlftTDHB®’ 

432 

CREW  WT.  - 

274 

U.TAIL- 

285 

MISC.PROP.- 

161 

HANDLING- 

6 

RACKS. PYL- 

300 

H.TAIL- 

303 

SURF .CNTLS- 

518 

FIXED  WT- 

1891 

MlSC.U.L.~ 

290 

BODY  - 

2544 

HYDRAULICS- 

323 

GROWTH  - 

0 

STORE  WT.- 

1000 

GEAR  - 

813 

ELECTRICAL- 

567 

FLT.DES.- 

22319 

TOT. FUEL  - 

6421 

E.SECT* 

469 

AVIONICS  - 

1736 

STR.DEN.* 

7.83 

"Takeoff  wt.-" 

"25598 

Engines- 

"2296 

FURN+EGUIP- 

273 

AIRFRAME* 

9037 

FUEL  BREAKDOWN 


— nrsr  SIT.  MACft 

0.0  0  0.0 

;  0.0  0  0.40 

.  L/'D 
0.0 
11.60 

t.AVL 

15567 

23065 

DRAG 

1090 

1988 

SFC 

1.643 

1 . 904* 

TIME 

15.0MIN 

O.OMIN 

FUEL  ' 
448 
179 

0.0  0  0.40  0.0 

3.6  0  0.90  4.18 

19.2  40500  0.90  12.59 

"6270  41500'  0.90  “T2752  " 

15.2  41500  1.60  4.07 

15.2  59000  1.60  6.94 

0 

17030 
4762 
“  4540 
12567 
5369 

0  0.0 

5477  1.309 

1781  1.154 

1752  1.212  " 

5386  1.979* 

3100  1.997* 

2948  1.354 

5.78Gf  30000  FT ») 
14790  1.932* 

IT.OMlN- 
29.6SEC 
2.3MIN 
"  7.2MIN 
77.5SEC 

1 .OMIN 

0 

168 

430 

258 

393 

262 

234.8  60000  1.60 

P<S>  AVAIL-  0  P(S) 

8.0  30000  1.20 

6.93 

REQ- 

7.97 

3039 

0  AT 
14837 

15.4MIN 
1ACH  1.20 (CL 
0.7MIN 

1047 
-0.51  ) 
326 

P(S)  AVAIL-  0  P(S> 

REG- 

0  AT 

4. 92G»  30000  FT, MACH  0.90(CL*0.77) 

10.7  30000  0.90 

8.52 

11802 

11781 

1 . 864* 

1 .2MIN 

443 

P(S)  AVAIL-  0  P(S) 

REG- 

0  AT 

4 • 50G»  30000  FT .MACH  0.90 (CL 

=0.77) 

P(S)  AVAIL-  0  P(S) 

REG- 

0  AT 

2.56G.  50000  FT. MACH  1.60 (CL 

=0.36) 

0.0  30000  0.90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

10.2  30000  1.60 

2.54 

19444 

8793 

2.045* 

49.9SEC 

0 

"OfiffF'SflJRer  AT~5000<57 

FEET 

250.0  63000  1.60 

6.93 

2623 

2553 

1.358 

16.3MIN 

970 

0.0  0  0.90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

i'0070  5 1 500  57 9'0 

12.42 

2818 

1398 

1 . 149 

11 .6MIN 

314 

62.6  0  0.28 

11.36 

15941 

1452 

1.756 

20. OMIN 

863 

0.0  0  0.0 

0.0 

0 

0 

0.0 

O.OMIN 

321 

TOMTaT  WEIGHT-  22319. 

LBS. 

RUN  ON  01/27/79  WITH 

1977B  VERSION 

OF  CISE 

MSLPC  MACH  1.6  FIGHTER  FWC  (2)  CDAFYJ18  ENGINES  FTRLAST  PO 
"CAR - *  ' 

l7i7.139W 
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SHIELD/CANOPY  APPLICATION 


TO 

MSLPC/KICHTER  CONK1C.  NO.  007  LPC 
ESCAPE  FACTORS  data 


****RESULTS**** 


DING  SIZING  CRITERION:  INPUTTED  W-'S 
THRUST  SIZING  CRITERION:  INPUTTED  T/W 

IITMr^QDCDf  On.  -7  f.f,  T  /T-DflflT- 


WING-APEA= 

365 

AR  = 

3.00 

T/C-ROOT=.OH5 

L.E  SMEEP®5Z. 0 

TAPERfcO. 150 

0. T. -AREA= 

68 

RR  = 

1.03 

T/C<AUG)=.036 

.25  SWEEP=52. 8 

TAPER**. 168 

H.T.-AREA= 

56 

AR  = 

2.68 

T/CCAUG)=. 036 

.25  SWEEP®46.  Z 

TAPER®0. 160 

BODY- AREA® 

810 

WD  = 

5.  1  1 

LEM. ,FT.  =  56 

UOL : TOT . =  1154 

PRESS=  80 

ENG.  NACELLES  APEA  = 

0 

CAP. AREA®  346 

DUCT  LEN=1 Z.  41 

ENGS. =  2 

TOTAL  WETTED  AREA  = 

1612 

CLIMAX. >=1.03 

LANDING  STALL  S 

PEEO'iKN*  11Z 

HORIZONTAL 

TAIL 

ARM , 

FEET® 

1  6.  Z  DRAG  RISE  MACH  HUMBER 

=  0.900 

QNERRLL  FINENESS  RATIO  =  9.99  TOTAL  THRUST-SLS , MAXIMUM  R/B  =  23983 


TAKEOFF 

WING 

LOADING 

,  W/S=  64 . 

8 

TAKEOFF  THRUST- 

TO- 

WEIGHT, T/W® 

1.016 

TAKEOFF 

DIST. 

(GROUND 

RUN) =  923 

LANDING  DISTANCETGROUND  RUNO® 

1064 

WEIGHT 

BREAKDOWN 

WT.  EMPTY  = 

1  5305 

WING  = 

1  Z99 

FUEL  SYST . = 

88Z 

AIR  COHD= 

432 

CREW 

WT.  = 

282 

U.  TAIL  = 

285 

MISC. PROP. = 

161 

HANDLING® 

6 

RACKS 

,  PVL  = 

300 

H.  TFJ I  L= 

303 

SURF.  CtITLS® 

518 

FIXED  WT  = 

’891 

ruse. 

U .  L .  = 

290 

BODY  = 

2544 

HVDRAULI CS= 

323 

GROWTH  = 

0 

STORE 

WT .  = 

1000 

GEAR  = 

813 

ELECTRICAL® 

56Z 

FLT. DES. = 

22320 

TOT. FUEL  = 

6422 

E . SECT  = 

469 

ANIONICS  =  1 

Z36 

STR. DEN. = 

Z .  83 

TAKEOFF 

WT.  = 

23599 

ENGINE= 

2296 

FURN+EQU1 P® 

265 

AIRFRAME* 

9030 

FUEL  BREAKDOWN 


DIST. 

ALT. 

MACH 

L.  O 

T.AUL 

DRAG 

SFC 

TIME 

FUEL 

0.0 

0 

0.0 

0.0 

15568 

10  90 

1  . 643 

15.0  MIN 

448 

0.0 

f. 

0  .  HO 

11.60 

23066 

1  938 

1 . 904* 

O.OMIN 

1  Z9 

0.0 

0 

0  .HO 

0.0 

0 

0 

0.0 

0 . ON  IN 

C 

3.6 

c 

0.90 

H.  IS 

1Z031 

5HZZ 

1 .309 

29.6SEC 

168 

19.2 

HO  500 

0 . 90 

12.59 

HZ62 

1Z81 

1.154 

2. 311  IN 

430 

62. 0 

HI  50  0 

0 . 90 

12.62 

H5H0 

1  Z52 

1.212 

Z.2MIN 

253 

15.2 

H  1  50  0 

1  .  60 

H.0Z 

12568 

5336 

1 .9Z9* 

ZZ.5SEC 

393 

15.2 

590  0  0 

1.60 

6.9H 

53Z0 

3100 

1 .99Z* 

1  .  OMIN 

262 

234.3 

60000 

1  .60 

6.93 

3039 

2948 

1.354 

15.4MIN 

1  0  HZ 

P(S>  ANAIL= 

0  PCS) 

REQ  = 

0  AT 

*r 

_i  , 

Z8G ,  30000  FT, 

MACH  1 . 20  <  CL=0 

.51  ) 

3.  0 

300  00 

1  .  20 

Z.9Z 

1H838 

14Z91 

1.932* 

O.ZMIN 

326 

P(S>  ANAIL= 

0  PCS) 

REQ  = 

0  AT 

4. 

92G,  30000  FT, MACH  0.90(CL=0 

.ZZ) 

1  0  .  Z 

300  00 

0.90 

8.52 

11802 

1  1Z81 

1.864* 

1.2HIN 

443 

P(S>  ANAIL= 

0  PCS) 

REQ® 

0  RT 

H. 

50G,  30000  FT. MACH  0.90CCL=0 

.ZZ) 

P(S>  ANA I L  = 

0  PCS) 

RED® 

0  AT 

2. 

56G,  50 

000  FT, MACH  1.60(CL=0 

.36) 

0.0 

30U00 

0.90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

10.2 

30000 

1  .60 

2.5H 

1  9HH5 

8Z94 

2.045* 

49. 9SEC 

0 

DROP  STORES  AT 

50000. 

FEET 

250.0 

63000 

1  .60 

6.  93 

2624 

2553 

1.358 

16.3MIN 

9Z0 

0.0 

0 

0.90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

100.0 

51500 

0.90 

12.42 

2819 

1398 

1.149 

1  1 .6MIN 

314 

62.6 

0 

0.28 

11.36 

15942 

1452 

1  .Z56 

20.  011  IN 

363 

0.0 

0 

0.0 

0.0 

0 

0 

0.0 

O.OMIN 

321 

COMBAT 

WEIGHT= 

22320. 

LBS. 

PUN  ON 

1  1/29/Z8  WITH 

19ZZB 

NERSION 

OF 

CISE 

MSLPC  MACH  1.6 

FIGHTER  FWC 

(2)  COAFVJ1 8  ENGINES  FTPLRST  PO 

LAP 


1787-160W 
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"B"  VARIANT  APPLICATION 
TO 

MSI, PC/FIGHTER  CONFIG.  NO.  007  LPC 
ESCAPE  FACTORS  DATA 


**«*RESULTS**«* 

WING  SIZING  CRITERION:  INPUTTED  W/S 
THRUST  SIZING  CRITERION:  INPUTTED  T/W 
WING-AREA2  365  AR  =  3.00  T/C-ROOT2. 015 
N.T.-AREA2  68  AR=  1.03 
H.T.-AREA2  56  AR  =  2.68 
BODY- AREA2  Oil  WO=  5.12 
ENG.  NACELLES  AREA  2  0 

TOTAL  WETTED  AREA  =  1 6 1 H 
HORIZONTAL  TAIL  ARM,  FEET2  16.7 
OVERALL  FINENESS  RATIO  =  9.99 


T/CCAUG>=.636 
T/CCAUG)2. 036 
LEN. , FT.  2  56 
CAP. AREA2  317 
CL < MAX. 7  =  1 .03 


L.E  SWEEP=57, 0 
.25  SWEEP252. 8 


.25  SWEEP2H6. 7 
UOL: TOT. =1155 
DUCT  LENM7.11 
LRNDING  STALL  SPEED', KN2  117 
DRAG  RISE  MACH  NUMBER  =  0.900 

TOTAL  THRUST-SLS, MAXIMUM  A/B2  21021 


TAPEReO. 150 
TAPER20 . 1 68 
TAPERtO. 160 
PRESS2  80 
ENGS. =  2 


TAKEOFF  WING 

LOADING, 

U/S  = 

61.8 

TAKEOFF  THRUST-TO- 

WEIGHT, T/W  = 

1.016 

TAKEOFF  DIST. 

(GROUND 

RUN)  = 

923 

LRNDING  DISTANCECGROUND  RUN)2 

1061 

WEIGHT 

BREAKDOWN 

WT.  EMPTY  = 

15311 

WING 

1803 

FUEL  SYST .  2  888 

AIR  CCND2 

132 

CREW  WT.  = 

273 

U.7AIL 

= 

286 

MISC. PROP. 2  161 

HANDLING2 

6 

RACKS,  PYL2 

300 

H. TAIL 

= 

301 

SURF. CNTLS2  519 

FIXED  WT 2 

1891 

MISC.U.L.- 

290 

BODY 

a 

2516 

HYDRAULICS2  321 

GROWTH  2 

0 

STORE  WT . = 

1000 

GEAR 

=2 

811 

ELECTRICAL2  567 

FLT. DES. 2 

22356 

TOT. FUEL  2 

6132 

E. SECT 

s 

170 

ANIONICS  2  1736 

STR.DEN.2 

7.  85 

TAKEOFF  WT . = 

23637 

ENGINE 

& 

230  1 

FURNh-EQUI  P2  286 

AIRFRAME2 

90  62 

FUEL  BREAKDOWN 

DIST.  ALT. 

MACH 

L/D 

7.AUL  DRAG  SFC 

TIME 

FUEL 

0 . 0  0 

0.0 

0.0 

15593 

1092  1.613 

15.0MIN 

118 

0.0  G 

0.10 

11.60 

23103 

1990  1.901* 

0.0HIN 

179 

0.0  0 

0.10 

0.0 

0 

0  0.0 

O.OMIN 

0 

3  .  o  0 

0.90 

1.  18 

1  7059 

5181  1.309 

29.6SEC 

168 

19.2  10500 

0.90 

12.60 

1770 

1731  1.151 

2.3MIN 

131 

62.0  11500 

0 . 90 

12.63 

1517 

1755  1.212 

7.2MIN 

258 

’5.2  11500 

1  .  60 

1.07 

12588 

5393  1.979* 

77.5SEC 

391 

15.2  59000 

1.60 

6.91 

5378 

3101  1.997* 

1  .CMIN 

263 

231. G  60000 

1.60 

6.93 

3011 

2952  1.351 

15.1MIN 

1019 

PCS)  AHA I L  = 

0  PCS) 

REG!2 

0  AT 

5.73G,  30000  FT, MACH  1.20CCL2 

0.51) 

8.0  30000 

1.20 

7.97 

11862 

11815  1.932* 

0.7MIN 

WLf 

PCS)  AUAIL= 

0  PCS) 

REG!2 

0  AT 

1.92G,  30000  FT, MACH  0.90CCL2 

0.77) 

1C. 7  30000 

0.90 

8.52 

11821 

11800  1.861* 

1 .2MIN 

111 

PCS)  Ri'AIL  = 

0  PCS) 

REQ2 

0  AT 

1.50G,  30000  FT, MACH  0.90CCL2 

0.77) 

PCS)  ADAIL= 

0  PCS) 

REG!2 

0  AT 

2.56G,  50000  FT, MACH  1 . 60 (CL2 

0.36) 

0.0  30000 

0.90 

0.0 

0 

0  0.0 

O.OMIN 

0 

10.2  30000 

1.60 

2.51 

19177 

8806  2 . G 15* 

19.9SEC 

0 

DROP  STORES  AT  50000. 

FEET 

250.0  63000 

1.60 

6.93 

2628 

2557  1.358 

16.3MIN 

971 

0.0  0 

0.90 

0.0 

0 

0  0.0 

O.OMIN 

0 

100.0  51500 

0 . 90 

12.13 

2823 

1100  1.119 

'  1.6MIN 

311 

63.9  0 

0.29 

11.12 

15932 

1117  1.767 

20.0MIN 

365 

0.0  0 

0 . 0 

0.0 

0 

0  0.0 

O.OMIN 

322 

COMBAT  WEIGHT 

2  22356. 

LBS. 

RUN  ON  11/29/78  WITH 

1977B 

UERSION 

OF  CISE 

MSLPC  MACH 
LAR 


1.6  FIGHTER  FWC  <2)  CDRFVJ1 8  ENGINES  FTRLRST  PO 


1787-161W 


206 


CURVED  TRACK  APPLICATION 


TO 

MSLPC/ FIGHTER  CONFIG.  NO.  007  LPC 
ESCAPE  FACTORS  DATA 


«***RESULTS**** 


til  MG  SIZING 

CP  I  TER  I  OH 

:  INPUTTED  W/S 

thrust  SIZING  CPI 

TERION: 

INPUTTED  T/W 

WIMG-RRER* 

364 

RP  = 

3.00 

7  C-POOT  = . 

045 

L.E 

SWEEP*57.0 

’RPER=0.  150 

U .  T .  -APEA* 

68 

RP  = 

1 .03 

T  C  ■  RI'G  >  = . 

0  36 

■  L  J 

SWEEP*52.3 

TRPER=0. 168 

H.T. -AREA* 

■56 

RR  = 

2.68 

t.c-:pug>  =  . 

036 

■  25 

SUEEP*46. 7 

7RPER*G . 1 60 

BODY-AREA* 

810 

ND  = 

5.  1  1 

LEN. .  FT .  = 

56 

I'OL: 

TOT. =  1153 

PPESS=  80 

ENG.  NACELLES  RPER  = 

0 

CAP. AREA* 

3H6 

DUCT 

LEM=1 7. 40 

ENGS. =  2 

T 0 T R t.  NETTED 

RPER 

= 

1611 

CLatRX.  >  =  1 

.03 

LANDING  STALL 

SPEED,  KN*  11? 

HORIZONTAL  TAIL  fiRM , 

FEET=  16.7 

DRAG  RISE  MACH  NUMBER 

0.900 

OUERRLL  FINENESS  PATIO  =10.00 

TOTAL  THRUST-SLS, MAXIMUM  R/B* 

23962 

TAKEOFF  WING 

LOADING 

,  W/S=  64.8 

TAKEOFF  THRUST-TO- 

WEIGHT, T/W= 

1.016 

TAKEOFF  DIST. 

i GROUND 

RUH9=  923 

LANDING  DISTANCECGROUND  RUN>= 

1064 

WEIGHT 

BREAKDOWN 

NT.  EMPTV  = 

t  5290 

WING  =  179? 

FUEL  SVST .  =  88? 

AIR  COND* 

432 

CREW  NT.  = 

231 

U.  TAIL*  235 

M I  SC. PROP. =  161 

HAHDLIHG* 

6 

RACKS, PVL  = 

300 

H.TAIL*  303 

SURF.CMTLS*  5' 3 

FIXED  MT= 

1  391 

M I S  C .  U .  L .  = 

290 

BOOV  =  2543 

HYDRAULICS*  323 

GROWTH  = 

0 

STORE  NT. = 

1000 

GEAR  =  812 

ELECTRICAL*  56? 

FLT.DES.* 

22301 

fOT . FUEL  = 

6416 

E.SECT*  469 

ANIONICS  =  1736 

STR.DEN.* 

-? 

*  •  O  L. 

T AKEOFF  NT . * 

23578 

ENGINE*  2294 

FURN+EQUIP*  259 

AIRFRAME* 

9019 

FUEL  BREAKDOWN 

DIST.  ALT. 

MACH 

L/O  ~.AUL  DRAG  SFC 

TIME 

FUEL 

0  .  0  0 

0.0 

0.0  15554 

1039  1.643 

iS.GMIN 

44? 

0  .  c  c 

0 . 40 

11.60  23046 

1936  1.904* 

0.0MIN 

179 

0 .  0  0 

0 . 40 

0  .  0  0 

0  0.0 

C.CMIN 

0 

3.6  0 

0 . 90 

4.  IS  ',‘’016 

5473  1.309 

29.6SEC 

168 

19.2  4050  0 

0 . 90 

12.59  4758 

1780  1.154 

2.3MIN 

430 

62.0  HI  500 

0 . 90 

12.62  4536 

1751  1.212 

7.2MIN 

258 

'5.2  41500 

1  .  60 

4.07  12557 

5382  1.979* 

77.5SEC 

393 

15.2  59000 

1.60 

6.94  5365 

309?  1.997* 

1  .CHIN 

262 

234.3  60000 

1  .  60 

6.93  303? 

2946  1.354 

1  5. 411  IN 

*  0  4? 

P\S>  ANA I L  = 

0  P  <  s 

■  REC=  0  AT 

5.78G,  30000  FT, MACH  1.200CL* 

0.51 ) 

8.0  30000 

1  .  20 

7.9?  14825 

1 4778  1.932* 

0.7MIN 

326 

P'S>  RUAIL= 

0  P  •'  S 

■  PEG*  0  AT 

4.92G,  30000  FT, MACH  0.90CCL* 

0 .  ?7> 

• n . ?  30000 

0 . 90 

3.52  11792 

11771  1.S64* 

1.2MIN 

443 

P'S>  A"AIL= 

o  p  •:  s 

■  REG*  0  AT 

4.50G,  30000  FT. MACH  G.90CCL* 

0.77) 

P'S>  RHRIL= 

r.  p  ■:  s 

■  REG*  0  AT 

2.56G,  50000  FT, MACH  1.600CL* 

0.36) 

0.0  30000 

0.90 

0.0  C 

0  0  . 0 

C.GMIN 

f; 

10.2  30000 

1.60 

2.54  19428 

878?  2.045* 

H9.9SEC 

r, 

DROP  STORES  A 

"■  50  00  0 

FEET 

250.0  63000 

1.60 

6.92  2621 

2551  1.358 

: 6. 3MIN 

969 

o .  o  o 

f  .  90 

0.0  0 

C  0.0 

0  .  0MIN 

C 

1C  0  .  0  51500 

0 . 90 

12.42  2316 

139?  1.149 

1  1 . 6  M I N 

314 

62.6  0 

0.28 

11.36  15928 

1451  1.756 

20.0  MIN 

362 

0 .  0  0 

0.0 

0.0  0 

0  0.0 

0.0MIN 

321 

COMBAT  WEIGHT 

=  22300 

.LBS. 

PUN  OH  11/29/ 

78  WITH 

1977B  UEPSION 

OF  CISE 

MSLPC  MACH  1 . 

6  FIGHTER  FWC  <2>  CDRFVJ1 8  ENGINES  FTPLRST  PO 

LAP 


1787-162W 


CDAF  PROGRAM 


M2 .0  PENETRATOR  CONFIGURATION 
MISSION  PROFILE 


computerized  ikitirl  sizing  estimate 

***LANO-BRSED  DESIGN***  FIGHTER-ATTACK  F.  UING-CRNRP.D  RUIOHICS-I  *25 
PETRINEO  S"OPE-WT=  r  C . DC  ORAG=G.C  .95  DPAG=C.G  ' . 1  DPRG=O.G 
1  .*  DRAG*  (■ .  C  • .  SC  OPAG-G .  C  2.1  DRAG=0 .  (•  Z.5  DPfiG»0 .  C 

CX’EPMAL  S"OPE-WT=  (  C.sc  ORRG-C . G  .95  DRAG-0 . 0  1.1  BRAG-0. C 

:.‘4  DRAG-  G.G  ■ .  SC  DRAG-0. C  2.  I  ORA6-O.C  2.5  DPAG-0  .  0 
ext.tamk-capacitv-  c  c.sc  crag-o.g  .95  drag-o.o  orag-g.c 

I.*  ORAG-  O.C  -.SC  BRAG-G .  C  2.  DRRG-0.0  2.5  DRAG-0. 0 
I NTEPHRL  STORE  IJT  =  *000  CPEI1  -  PASS*  '  MAX. NACH=2. 30  UL7. L. F.  *  9.8 
nn.OF  IHTERHRL  PACKS*  2  EXT .  PACKS  =  0  PYLON  MO.  «  G  FI  MED  WT-1 632 
MING  II T L .  PCT . SAN I NG-33  U.TAIL  PCT. =31  H.7RIL  PC"=22  80DV  PC7.  =29 
2ERP  irU  PC7.SRUING*25  fi.IHO.  PC7.  =27  GRQU7H  PCT=  0  SFC  FACTOR*  5 
SER-LENEL  MAX. MACH-1 .20  EMG.  7,U»  G.G  ^ENGINE  EOUIPPED  WITH  RN  R.'B 
HOURLY  PRIES- ENG .  =  C.G  HAHUFRC.-  C.G  CFG. SUP-  0.0  Q.CM‘L.=  G.G 
FLIGHT  TEST  PRTE  =  O.C  HANGMEN" =  G.G  ’DOLING-  G.G  i  REF. VP-  0 
PRODUCTION  QUART . =  C  IOC  "EAR-  0  G. AND  A-.C  PPOFIT  -.0 
THE  MISSION  PROFILE  IS  SHOWN  BELOW 

WARMUP  15.00  MINUTES  A"  T  PCT  POWER 

"RKEOFF  AND  ACCELERATE  TO  CLIMB  SPEED  WITH  100  PCT  MAM. AB 
OUMir’  SEGMENT  (  G FT-'MACH  G.>tG> 

MINIMUM  FUEL  RCCEL  -iGO  PC"  POWER  TO  OFT/MACH  G . ?G  IN  ***SEC 
CLIMB  "C  CRUISE  ALTITUDE  A"  MACH  0.90  AND  ICO  PCT  POWER 
CRUISE  *00 NM.  AT  BEST  AL’ITUOE  AHO  MACH  HUMBER 

MINIMUM  FUEL  RCCEL  =100  PCT  MRX.AB  TO  *1 1 OOFT/MRCH  ’.50  IN  ***SEC 
MINIMUM  FUEL  RCCEL  -ICO  PC’  MRX.AB  "0  H0000FT,  fflCH  2.00  IN  ***SEC 
CLIMB  "0  CRUISE  RL’ITUOE  AT  MRCH  2.00  RMO  ICO  PCT  MRX.AB 
CRUISE  250NN.  RT  58200  FT  RND  MRCH  2.00 
COMPUTE  MAX. TURN  CAPABILITV-  58201  FT/MACH  2. CO  AHO  100  PCT  MRX.AB 
COMBAT-i. 0  TURNS  AT  2.2*6  •  5820  1  FT  ''MACH  2.0G 
COMPUTE  MAX. TURN  CAPABILITV-  30000FT/MACH  0 . 9G  AMD  100  PCT  MRX.AB 
COMPUTE  MAX. TURN  CAPABILITV-  50000FT> MACH  2.00  AMD  100  PC"  MRX.AB 
OUtlM"  SEGMENT  •  30000F7/HACH  0.90) 

MINIMUM  " I  ME  RCCEL  =100  PCT  MAX. RB  TO  30000FT.MRCH  1.60  IN  ***SEC 
DROP  EXPENDABLE  STORES 
CRUISE  25CHM.  RT  62250  FT  RHO  MACH  2.00 
DUMMV  SEGMENT  <*5000FT/MRCH  0.90) 

CRUISE  HOONM.  A"  BEST  RL’ITUDE  AND  MRCH  NUMBER 
LOITER  20MIN  AT  CFT  AND  BEST  MACH  NUMBER 
FUEL  ALLOWANCE  EQUALS  5.C  PERCENT  OF  TOTAL  FUEL 


CDAF  PROGRAM 

M2.0  PENETRATOR  CONFIG.  -006 


BASELINE  DATA 


»**«RESULTS***« 

WING  SIZING  CRITERION:  INPUTTED  W/S 
THRUST  SIZING  CRITERION:  INPUTTED  T/W 


WING-AREA*  548  RR  = 
U.  7.  -AREA*  ill  AR= 
H. T. -AREA*  84  AR  = 
BODY-AREA*  1305  UD= 
ENG.  NACELLES  AREA  = 
TOTAL  WETTED  AREA  = 
HORIZONTAL  TAIL  ARM, 


3.00  VC-ROOT*. 045 
1.01  VCC  AUG>  =  . 036 
2.59  VC  (AUG  >  =  .0  36 
6.25  LEN.  ,FT.  *  77 

0  CAP. AREA®  575 
2540  CL (MAX. >=0.97 
FEET=  23. 1 


L.E  SWEEP  =  59. 0  TAPER*0.200 

,25  SWEEP=54.  1  TAPER*0.153 

.25  3MEEP*47.9  TAPER*0.152 

UOL: TOT. =  2295  PRESS*  80 
DUCT  LEN=1 8. 10  ENGS.=  2 
LANDING  STALL  SPEED, KN*  120 
DRAG  RISE  MACH  NUMBER  =  0.900 


OUERBLL  FINENESS  RATIO  =11.77  TOTAL  THRUST-SLS , MAXIMUM  R/B=  34061 


TAKEOFF 

WING 

LOADING 

W/S=  77.7 

TAKEOFF  THRU8T-TD- 

WEIGHT, VH* 

0.800 

TAKEOFF 

OI  ST. 

C GROUND 

RUN) =  1490 

LANDING  DI ST ANCE< GROUND  RUND* 

1144 

WEIGHT 

BREAKDOWN 

WT.  EMPTV  = 

23377 

U I NG  = 

3547 

FUEL  SYST .  =  1524 

AIR  COND* 

515 

CREW 

WT.  = 

240 

U .  T  A I L  = 

516 

1IISC. PROP. =  192 

HANDLING* 

8 

RACKS 

,PVL  = 

150 

H. TAIL= 

538 

SURF . CNTLS=  759 

FIXED  WT® 

1832 

MI  SC. 

U.L.= 

406 

BOOV  = 

4550 

HYDRAULICS®  472 

GROWTH  = 

0 

;  STORE 

WT.  = 

40  00 

GEAR  = 

1232 

ELECTRICAL*  790 

FLT.DES.* 

39700 

TOT. FUEL  = 

14381 

E. SECT* 

921 

RU I  ON  ICS  =  2138 

STR.DEH.* 

6.59 

TAKEOFF 

WT.  = 

42555 

ENGINE* 

3579 

FURN+EQUIP*  257 

AIRFRAME* 

15134 

ij 

FUEL  BREAKDOWN 

DIST. 

ALT. 

MACH 

L/D 

T.AUL  DRAG  SFC 

TIME 

FUEL 

I  0 . 0 

0 

0.0 

0.0 

21828 

1528  1.644 

15.0MIN 

628 

0.0 

0 

0.40 

12.01 

34080 

3476  1,907* 

O.OI1IN 

326 

0.0 

0 

0.40 

0.0 

0 

0  0.0 

O.CMIN 

C 

4.3 

0 

0.90 

5.20 

26197 

7969  1.299 

36.2SEC 

303 

27.2 

39100 

0.90 

12.79 

6322 

3179  1.123 

3. 1  MIN 

772 

346.7 

41100 

0 . 90 

<  'y 

1  C  1  <  mf 

5747 

2996  1.130 

40.3MIN 

2344 

15.1 

41100 

1.50 

5.79 

17952 

6539  1.988* 

80.6SEC 

572 

[  11.1 

40000 

2.00 

3. 24 

27068 

11541  2.110* 

39.9SEC 

507 

[  12.0 

5820  0 

2.00 

6.14 

11249 

5995  2.119* 

0.7MIN 

332 

I  233.0 

53200 

2.00 

5.96 

5891 

5853  1.469 

12.4MIN 

1837 

El  P<$>  AUAIL  = 

0  P<S> 

REQ* 

0  AT 

2. 226,  58201  FT, MACH  2.00CCL* 

0.31  > 

1  60.9 

58201 

2.00 

6.97 

!  1248 

11247  2.119* 

3.2MIN 

1266 

[I  PCS)  AURIL= 

C  P<S> 

REQ* 

0  AT 

3.50G,  30000  FT, MACH  0.90CCL* 

0.71 ) 

(!  PCS)  AUAIL  = 

0  PCS) 

REQ* 

0  AT 

2.93G,  50000  FT, MACH  2.00<CL*0 . 31 > 

1  o .  0 

30000 

0 . 90 

0 . 0 

0 

0  0.0 

O.OMIN 

0 

1  1  t .  5 

30000 

1.60 

3.48 

29874 

114(8  2.078* 

57.4SEC 

0 

I  DROP  STORES  AT  50000. 

FEET 

i  250.0 

62750 

2.00 

5.96 

4722 

4709  1.473 

13. 1  MIN 

1556 

0.0 

45000 

0. 90 

0.0 

0 

C  0.0 

O.CMIN 

0 

400.0 

49300 

0.90 

12.73 

3387 

2058  1.141 

46. SMI N 

1884 

■i  63.6 

0 

0.29 

11.53 

22915 

2161  1.756 

20.0MIN 

1284 

0 .  0 

0 

0.0 

0.0 

0 

0  n.c 

O.OMIN 

719 

!  COMBAT  WEIGHT 

=  39697. 

LBS. 

RUN  ON  11/15/78  WITH  1 9778 
MSLPC  I1ACH  2  PENTRRTOR  FWC 
R 


UERSIOH  OF  CISE 

<2>  CDBFVJ16  ENGINES  PENLRGT  POLA 


1787-164W 


209 


BASELINE  M2 .0  PENETRATOR 

ASL-495F-006A 

BASELINE  DATA 
****RESULTS**** 


WINS  SIZING  CRITERION:  INPUTTED  U/S 
THRUST  SIZING  CRITERION:  INPUTTED  T/tl 


WING-AREA® 

532 

AR  = 

3.  00 

T/C-ROOT=.OH5 

L.E  SWEEP=59. 0 

TAPER=0 .200 

U.T.-AREA= 

108 

AR= 

1.01 

T/CCAUG)®. 036 

.25  SWEEP®54‘.  1 

TAPER=0 .  153 

H. T. -AREA= 

32 

AR= 

2.59 

T/C  <  AUG)  = .  0  36 

.25  SWEEP=47. 9 

TAPER=0. 152 

BOOV-AREA® 

1270 

WO= 

6.16 

LEN. »FT. =  76 

UOL: TOT. =  2208 

PRESS=  30 

ENG.  NACELLES  AREA  = 

0 

CAP. AREA®  553 

DUCT  LEN= 1 7 . 80 

ENGS. =  2 

TOTAL  WETTED  AREA  = 

2469 

CLCMAX. )=0. 97 

LANDING  STALL 

SPEED’, KN=  ’20 

HORIZONTAL 

TAIL 

ARM, 

FEET= 

22.7  DRAG  RISE  MACH  HUMBER’ 

=  0.900 

ONERfiLL  FINENESS  RATIO  =11.72  TOTAL  7HRUST-SLS , MAX IMUM  R/B®  32733 
TAKEOFF  WING  LOADING,  W/$=  77.5  TAKEOFF  THRUST-TO- WEIGHT  ,T/W=  0.795 
TAKEOFF  DIST. (GROUND  RUN)®  1 498  LANDING  DISTANCETGROUNO  RUN)®  1143 


WT.  EMPTV  = 

22578 

WEIGHT  BREAKDOWN 

WING  =  3408  FUEL  SVST.®  1433 

AIR  COND® 

515 

CREW  WT.  = 

279 

U .  T  A I L  = 

500 

MISC. PROP.®  189 

HANDLING® 

8 

RACKS. PVL= 

1  50 

H. TAIL® 

517 

SURF'.  CHTLS®  743 

FIXED  WT® 

1632 

MISC. U. L. = 

396 

BOOV  = 

4417 

HYDRRUL I CS=  462 

GROWTH  = 

0 

STORE  WT. = 

4000 

GEAR  = 

1197 

ELECTRICAL®  731 

FLT.DES.® 

38472 

TOT. FUEL  = 

13321 

E.SECT® 

881 

AU I  ON  ICS  =  2133 

STR. DEN. = 

6.67 

TAKEOFF  MT . = 

41225 

ENGINE® 

3418 

FURN4-EOUIP®  273 

AIRFRAME® 

14722 

DIST.  ALT. 

MACH 

FUEL  BREAKDOWN 

L/O  7.AUL  DRAG  SFC 

TIME 

FUEL 

0.0  0 

0.0 

0.0 

21009 

1471  1.644 

15.0MIN 

604 

0.0  0 

0.40 

12.00 

32801 

3370  1.907* 

O.GMIN 

316 

0.0  0 

0.40 

0.0 

0 

.0  0.0 

O.OMIM 

0 

4.4  0 

0.90 

5.13 

25214 

7745  1.299 

36.5SEC 

294 

27.0  33900 

0.90 

12.79 

6144 

3080  1.123 

3.  1  MIN 

745 

346.8  41200 

0.90 

12.74 

5505 

2906  1.128 

40.3MIN 

2272 

15.1  41200 

1.50 

5.96 

17195 

6161  1.938* 

31  .OSEC 

551 

11.0  40000 

2.00 

3.33 

26052 

10880  2.110* 

39.7SEC 

483 

11.9  53200 

2.00 

6.28 

10827 

5681  2.119* 

0.6MIN 

365 

233.1  53200 

2.00 

6.10 

5670 

5546  1.472 

12.5MIN 

1747 

P<S>  AWAIL= 

C  PCS) 

REQ= 

0  AT 

2.22G,  53201  FT, MACH  2.00CCL 

=0.31  ) 

60.7  58201 

2.00 

7.05 

10826 

10825  2.119* 

3.2MIN 

1214 

PCS)  AUAIL= 

0  PCS) 

R£Q  = 

0  AT 

3.50G,  30000  FT, MACH  0.90CCL 

=0.71 ) 

PCS)  AUAIL= 

0  PCS) 

REG® 

0  AT 

2.95G,  50000  FT, MACH  2.00CCL 

=0.31 ) 

0.0  30000 

0.90 

0.0 

0 

0  0.0 

0.0  MIN 

0 

11.5  30000 

1.60 

3.57 

23753 

10780  2.078* 

57.3SEC 

0 

DROP  STORES  AT 
250.0  62750 

50000; 

2.00 

FEET 

6.10 

4544 

4457  1.476 

13. 1  MIN 

1473 

0.0  45000 

0.90 

0.0 

0 

0  0.0 

O.OMIN 

0 

400.0  49300 

0.90 

12.72 

3742 

1992  1.140 

46.5NIN 

1323 

63.6  0 

0.29 

11.52 

22053 

2092  1.751 

20.0  MIN 

1240 

0.0  0 

0.0 

0.0 

0 

0  0.0 

O.OMIN 

691 

COMBAT  WEIGHT®  33471. 
PUN  ON  01/30/7?  WITH 

LBS. 

1977B  UERSION 

OF  CISE 

MSLPC  MACH  2  PEN’PfiTOR  FMC  <2 
P 

•  CCAFVJ1 6  ENGINES  PEHLAS'  POLA 

1787-1 65W 
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MSLPC  APPLICATION 


WITH  RADAR 

HENETRAIOR  CONFIG  NO.  006LPC-1 

AERO  FACTORS  DATA 

****RESULTS**** 

WING  SIZING  CRITERION.  INPUTTED  W/S 
THRUST  SIZING  CRITERION:  INPUTTED  T/W 

WING-AREA-  526  AR-300  T/C-ROOT- . 045  L. E  SWEEP-59 . 0  TAPER-0.200 

V. T. -AREA-  102  AR-  1 . 01  T/C(AVG>-. 036  . 25  SWEEP-54 . 1  TAPER-0.153 

H  T  -AREA-  81  AR-2.59  T/C< AUG) - . 036  . 25  SWEEP-47  9  TAPER-0.152 

BODY-AREA-  1259  WD-  6.12  LEN. » FT . -  76  VOL  : TOT  -  2182  PRESS-  80 

ENG  NACELLES  AREA  -  0  CAP. AREA-  547  DUCT  LEN-17. 74  ENGS.-  2 

TOTAL  WETTED  AREA  -  2435  CL<HAX .>-0.97  LANDING  STALL  SPEED. KN-  120 
HORIZONTAL  TAIL  ARM.  PEET-  22.7  DRAG  RISE  MACH  NUMBER  -  0.900 

OVERALL  FINENESS  RATIO  -11.75  TOTAL  THRUST-SLS. MAXIMUM  A/8-  32414 

TAKEOFF  WING  LOADING,  W/S-  77.5  TAKEOFF  THRUST-TO-WEIGHT. T/W-  0.795 

TAKEOFF  DIST. (GROUND  RUN)-  1498  LANDING  DISTANCE (GROUND  RUN)-  1145 


WEIGHT  BREAKDOWN 


WT.  EMPTY 

X 

22356 

WING  * 

3357 

FUEL  SYST.- 

1474 

AIR  COND* 

515 

CREW  WT. 

u 

279 

V.  1  AIL— 

474 

MISC. PROP. - 

188 

HANDLING- 

ST 

RACKS, PYL- 

150 

H. TAIL- 

509 

SURF. CNTLS- 

736 

FIXED  WT- 

1632 

MISC.U.L. 

■ 

393 

BODY  * 

4375 

HYDRAULICS- 

459 

GROWTH  - 

0 

STORE  WT 

m 

4000 

GEAR  - 

1185 

ELECTRICAL- 

778 

FLT.DES- 

38057 

TOT. FUEL 

m 

13576 

E. SECT- 

870 

AVIONICS  - 

2138 

STR.DEN- 

6.67 

TAKEOFF  WT 

a 

40755 

ENGINE- 

3372 

FURN+EQUIP- 

278 

AIRFRAME- 

14557 

FUEL  BREAKDOWN 


DIST 

ALT. 

MACH 

L/D 

T.AVL 

DRAG 

SFC 

TIME 

FUEL 

0  0 

0 

0.0 

0.0 

20773 

1454 

1. 644 

15.0MIN 

598 

0  0 

0 

0.40 

12.02 

32432 

3328 

1 . 907* 

0. OMIN 

312 

0.0 

0 

0.  40 

0.0 

0 

0 

0.0 

O.OMIN 

0 

4.4 

0 

0.  90 

5.  20 

24931 

7640 

1. 299 

36.4SEC 

291 

27.2 

39000 

0.  90 

12.80 

6046 

3042 

1.  123 

3. ININ 

739 

346.  8 

41100 

0  90 

12.  76 

5469 

2868 

1.  129 

40.3MIN 

2243 

15.0 

41100 

1.50 

5.98 

17084 

6V6/ 

1 . 988* 

80.3SEC 

542 

10  9 

40000 

2.  00 

3.35 

25759 

10670 

2. 110* 

39.5SEC 

477 

118 

58200 

2.  00 

6.  32 

10705 

5580 

2. 119* 

0.6MIN 

358 

238.  2 

S820O 

2.  0O 

6  !  IS 

5607 

5451 

T~473 

12. SHIN - 

1684“ 

PCS)  AVAIL-  0  PCS)  REQ-  0  AT  2.23G,  58201  FT, MACH  2. 00(CL=0. 31 ) 

60.6  58201  2.00  7.07  10704  10703  2.119*  3.2HIN  1198 

PCS)  AVAIL*  0  P(S)  REQ-  0  A?  3 . 50G.”  30000  FT .  MACfTTr  90‘< Ct*<F.  7lV“ 

PCS)  AVAIL-  0  PCS)  REQ-  0  AT  2.95G.  50000  FT, MACH  2. OOCCL-O. 31 ) 

0.0  30000  0.90  0.0  0  0  0.0  O.OMIN  0 

—  lT~5  305015  r.'SO  3TS5  28429“  1 0573  "  2 . 078*  577TSEC - 0“ 

DROP  STORES  AT  50000.  FEET 

250.0  62750  2.00  6.14  4493  4380  1.477  13. ININ  1426 

0~<5  4500(5  5” 90  ?“< 5  (5  0~  0.  0  CF70MIN - 0“ 

400.0  49300  0.90  12.73  3699  1971  1.140  46.5MIN  1803 

63.6  0  0.29  11.53  21806  2070  1.750  20.0MIN  1226 

- 0“0 - 0 — 070 - 0”0 - 0 - 0~  0.  0 - D7UMTN - 679 

COMBAT  WEIGHT-  38055. LBS. 

RUN  ON  01/24/79  WITH  1977B  VERSION  OF  CISE 

“MSLPC  MACH  2  PENTRATQR“FWC“(2)~CDAFYJ16  ENGINES  PENLAST“POLA - 

R 

17S7-XMW 
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DEFLECTION  WEDGE  APPLICATION 
TO 

MSLPC  (RADAR)  PENETRATOR  CONFIG.  NO.  006  LPC-1 
ESCAPE  FACTORS  DATA 


****RESULTS**** 

MING  SIZING  CRITERION:  INPUTTED  W/S 
THRUST  SIZING  CRITERION:  INPUTTED  T/W 

WING-AREA*  527  AR=  3.00  T/C-ROOT*. 095  L.E  SMEEP*59.0  TAPER*0.200 
U. T. -ARER*  H'2  AR  =  1.01  T'C<AUG>=. 036  .25  SUEEP=59.1  TAPERM1.153 

H.T.-AREA*  SI  AR  =  2.59  T/C<  AUfj>  =  .  036  .25  SWEEP=97.9  TAPER*0.152 

BODV-AREA*  1260  WD=6.12  LEH. »FT.  =  26  UOL:TOT.=  2189  PRESS*  80 

ENG.  NACELLES  RRER  =  0  CAP. AREA*  598  DUCT  LEN=17.75  ENGS.=  2 

TOTAL  WETTED  AREA  =  2938  CL<MAX.  )=0. 92  LANDING  STALL  SPEED', KN*  120 
HORIZONTAL  TAIL  ARM,  FEET*  22.2  DRAG  RISE  MACH  NUMBER  =  0.900 

OUEPALL  FINENESS  RATIO  =  H.79  TOTAL  THRUST-SLS .MAXIMUM  A/B*  32971 


TAKEOFF 

WING 

LOADING, 

W/S* 

-> 

t 

7.5 

TAKEOFF  THRUST-TO-1 

WEIGHT, T/W* 

0.795 

TAKEOFF 

DIST. 

(GROUND 

RUN)* 

1998 

LANDING  DISTANCE<GROUNO  RUN)* 

1196 

WEIGHT 

BREAKDOWN 

WT.  EMPTV  = 

22909 

WING 

= 

3365 

FUEL  SVST. =  1975 

AIR  COND* 

515 

CREW 

WT.  = 

U.TAIL 

= 

975 

MISC. PROP. *  188 

HANDLING* 

8 

RACKS 

,PVL  = 

^50 

H. TAIL 

= 

511 

SURF. CNTLS*  737 

FIXED  WT = 

1632 

MI  SC. U. L .  = 

393 

BODV 

= 

9380 

HVDRAUL 

ICS*  960 

GROWTH  = 

n 

STORE 

WT .  * 

9000 

GEAR 

S 

1187 

ELECTRICAL*  778 

FLT.DES.* 

38123 

TOT. FUEL  = 

13599 

E. SECT 

s 

872 

AUIONICS  *  2138 

STR.DEH.* 

6 . 68 

TAKEOFF 

WT.  = 

90626 

ENGINE 

s 

3379 

FURN+EQUIP*  302 

AIRFRAME* 

19602 

FUEL  BREAKDOWN 

DIST. 

ALT. 

MACH 

L-D 

T.AUL  DRAG 

SFC 

TIME 

FUEL 

O.C 

0 

0.0 

0.0 

20809 

1957 

1.699 

15.0MIN 

599 

0.0 

0 

0.90 

12.02 

32989 

3333 

1.907* 

6.0MIN 

313 

0.0 

0 

0.90 

0.0 

0 

0 

0.0 

t.OHIN 

r 

•• 

9.9 

0 

0.90 

5.20 

29979 

7650 

1.299 

36.9SEC 

291 

27.2 

39000 

0.90 

12.30 

6056 

3097 

1.123 

3. 1  MIN 

790 

396.3 

91100 

0.90 

«  o  “>  c 
o 

5978 

2873 

1.129 

90. 311  IN 

2297 

15.0 

9110  0 

1.50 

5.93 

17119 

6076 

1.988* 

80.3SEC 

593 

10.9 

90000 

2.00 

3.35 

25809 

10686 

2.110* 

39.5SEC 

978 

11.3 

53200 

2.00 

6.32 

10  729 

5539 

2.119* 

P.61IIN 

359 

233.2 

5S200 

2.00 

6.  15 

5616 

5959 

1.973 

1  2. 511  IN 

1687 

PCS)  AUAIL* 

(  P(S) 

PEG* 

0  AT 

2.23G,  5: 

320 1  FT, MACH  2.00<CL* 

0.31  ) 

60.6 

58201 

2.00 

7.07 

10723 

10722 

2.119* 

3.2NIN 

1200 

P<$>  AUAIL* 

0  P<S> 

REG* 

0  AT 

3.50G,  30000  FT. MACH  0.90CCL* 

0.71) 

P-'S)  AUAIL* 

0  P(S) 

REQ* 

0  AT 

2.95G,  50000  FT, MACH  2.00(CL* 

0.31 ) 

0.0 

30000 

0.90 

0.0 

0 

0 

0.0 

O.CMIN 

0 

11.5 

30000 

1.60 

j*  •  60 

28979 

10589 

2.078* 

57. 1  SEC 

0 

DROP  STORES  AT  50000. 

FEET 

250.0 

62750 

2.00 

6.  19 

950  1 

9387 

1.977 

13. 1  MIN 

1928 

0.0 

95000 

0.90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

HOO.O 

99300 

0.90 

12.79 

3706 

1975 

1.190 

96. 511  IN 

1807 

63.6 

0 

0.29 

11.53 

21899 

2079 

1.750 

2C.011IN 

1228 

0.0 

0 

0.0 

0.0 

0 

0 

0.0 

C.OMIN 

680 

COMBAT  WEIGHT*  381 22. LBS. 

RUN  ON  12/19/78  WITH  1977B  UERSION  OF  CISE 

MSLPC  MACH  2  PENTRATOR  FWC  <2)  CDAFVJ1 6  ENGINES  PENLAST  POLA 
R 


TRACTOR  ROCKET  APPLICATION 


TO 

MSI.PC/PF.NETRATOR  CONFIG  NO.  0Q6LPC-1 


ESCAPE  FACTORS  DATA 


****RESULTS**»* 

UING  SIZING  CRITERION!  INPUTTED  U/S 
THRUST  SIZING  CRITERION i  INPUTTED  T/W 


WING-AREA*  526  AR*  3.00  T/C-ROOT* . 045 
U .  T  . -AREA*  102  AR*  1.01  T/C( AVG ) * . 036 
H. T. -AREA*  SI  AR*  2.59  T/C(AVG>».036 

BODY-AREA*  1259  WD*  6.12  LEN. »FT . »  76 

ENG.  NACELLES  AREA  *  0  CAP. AREA*  546 

TOTAL  WETTED  AREA  =>  2434  CL ( HAX .  ) *0 . 97 
HORIZONTAL  TAIL  ARM,  FEET*  22.7 
OVERALL  FINENESS  RATIO  *11.75 
TAKEOFF  UING  LOADING .  U/S*  77.5 
TAKEOFF  DIST. (GROUND  RUN)*  1498 


L.E  SWEEF-59.0  TAPER' 
.25  SUEEP-54.1  TAPER' 
.25  SUEEP-47 .9  TAPER' 
VOL : TOT.*  2181  PRESS- 
DUCT  LEN- 17. 73  ENGS.* 
LANDING  STALL  SPEED, KN 
DRAG  RISE  HACH  NUMBER 
TOTAL  THRUST -SL S » HAX I HUM  A/R 
TAKEOFF  THRUST-TO-UEIOHT.T/U 
LANDING  DISTANCE (GROUND  RUN) 


0.200 
0. 153 
0.152 
80 

2 

120 
0.900 
32385 
0.795 

*  «  a  te 


WEIGHT  BREAKDOWN 


WT.  EMPTY  * 

22336 

WING 

3354 

FUEL  SYST.*  1473 

AIR  COND* 

515 

CREW 

WT.  * 

274 

V.TAIL 

473 

MI SC .PROP.*  188 

HANDLING* 

8 

RACKS 

,PYL* 

150 

H. TAIL 

509 

SURF.CNTLS*  735 

FIXED  ut- 

1632 

H1SC. 

U.L.* 

392 

BODY 

4373 

HYDRAULICS*  459 

GROWTH  - 

0 

STORE 

WT.* 

4000 

GEAR 

1184 

ELECTRICAL-  778 

FLT . DES.- 

38022 

TOT. FUEL  * 

13564 

E .SECT 

870 

AVIONICS  -  2138 

STR  .  DEN.  ■ 

6.67 

TAKEOFF 

WT.* 

40718 

ENGINE 

3369 

FURN+EGUIP*  273 

AIRFRAME¬ 

14542 

FUEL  BREAKDOWN 

DIST. 

ALT. 

MACH 

L/D 

T.AVL  DRAG 

SFC 

TIME 

FUEL 

0.0 

0 

0.0 

0.0 

20754 

1453 

1.644 

15.0MIN 

597 

0.0 

0 

0.40 

12.02 

32403 

3325 

1  .907* 

O.OMIN 

312 

0.0 

0 

0.40 

0.0 

0 

0 

0.0 

O.OMIN 

0 

4.4 

0 

0.90 

5.19 

24908 

7635 

1.299 

36.4SEC 

290 

27.2 

39000 

0.90 

12.79 

6040 

3040 

1.123 

3.1MIN 

738 

346.8 

41100 

0.90 

12.75 

5464 

2866 

1.129 

40.3MIN 

2242 

15.0 

41100 

1.50 

5.98 

17068 

6062 

1.988* 

80.3SEC 

542 

10.9 

40000 

2.00 

3.35 

25736 

10662 

2.110* 

39.5SEC 

477 

11.8 

58200 

2.00 

6.32 

10695 

5576 

2.119* 

0.6MIN 

358 

238.2 

58200 

2.00 

6.15 

5602 

5446 

-1.473 

12.5MIN 

1683 

P(S)  AVAIL* 

0  P<S> 

REG- 

0  AT 

2.23G,  58201  FT. MACH  2.00(CL*0.31 ) 

60.6 

58201 

2.00 

7.07 

10695 

10693 

2.119* 

3.2MIN 

1197 

PCS)  AVAIL* 

0  P(S> 

REQ- 

0  AT 

3. 50G»  30000  FT, MACH  0.90(CL*0. 71 ) 

P(S>  AVAIL* 

0  PIS) 

REG- 

0  AT 

2.95G,  50000  FT, MACH  2. 00(CL*0. 31 > 

0.0 

30000 

0,90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

11.5 

30000 

1.60 

3.60 

28404 

10565 

2.078* 

57.1 SEC 

0 

DROP  STORES  AT 

50000. 

FEET 

250.0 

62750 

2.00 

6.14 

4489 

4376 

1.477 

13.1MIN 

1424 

0.0 

45000 

0.90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

400.0 

49300 

0.90 

12.73 

3696 

1969 

1 . 140 

46. SHIN 

1801 

63.6 

0 

0.29 

11.53 

21786 

2068 

1.750 

20.0MIN 

1225 

0.0 

0 

0.0 

0.0 

0 

0 

0.0 

O.OMIN 

678 

COMBAT 

WEIGHT- 

38020. 

LBS. 

RUN  ON 

01/27/79  WITH 

1977B 

VERSION 

OF  CISE 

MSLPC  HACH  2  PENTRATOR  FWC  (2)  CDAFYJ16  ENGINES  PENLAST  POLA 
R 

17I7-1MW 
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SHIELD/CANOPY  APPLICATION 


TO 

MSLPC  (RADAR)  PENETRATOR  CONFIG.  NO.  006  LPC-1 
ESCAPE  FACTORS  DATA 


****RESULTS**** 

MING  SIZING  CRITERION:  INPUTTED  M/S 
THRUST  SIZING  CRITERION:  INPUTTED  T/M 

HING-AREA*  526  AR  =  3.00  T'C-ROOT*. 0H5  L.E  SWEEP*59.0  TAPER*0,200 
V.T.-AREA*  102  AR  =  1.01  T/CCAUG)*.  036  . 25  SHEEP*5H. 1  TAPER=0.153 

H.T.-AREA*  81  AR=  2.59  T/CCAUG)*. 036  .25  SUEEP*H7.9  TAPER*0.152 

BODY-AREA*  1259  MO=  6.12  LEN.,FT.=  76  UOL:TOT.=  2181  PRESS*  80 

ENG.  NACELLES  AREA  =  0  CAP. AREA*  5H6  DUCT  LEN*17.7H  ENG6.=  2 

TOTAL  METTED  AREA  =  2H3H  CL ( MAX.  )  =0 . 97  LANDING  STALL  SPEED!, KN*  120 
HORIZONTAL  TAIL  ARM,  FEET*  22.7  DRAG  RISE  MACH  NUMBER  =  0.900 

OVERALL  FINENESS  RATIO  =11.75  TOTAL  THRUST- SLS  , MAXIMUM  A/B*  32386 


TAKEOFF 

MING 

LOADING,  W/S* 

77.5 

TAKEOFF  THRU6T-T0- 

HEIGHT, T/H* 

0.795 

TAKEOFF 

DIST. 

(GROUND 

RUN)* 

1  H98 

LANDING  DISTANCE'GROUNO  RUN)* 

1  1H5 

HEIGHT 

BREAKDOUN 

MT.  EMPTY  = 

22329 

MING 

= 

335H 

FUEL  SVST. *  1 H73 

AIR  COND* 

515 

CREH 

HT.  * 

282 

V. TAIL 

= 

H73 

MISC. PROP.*  188 

HANDLING* 

3 

RACKS 

,PYL  = 

150 

H. TAIL 

= 

509 

SURF .  CNTLS*  735 

FIXED  MT* 

1632 

MISC. 

U.L.* 

392 

BODY 

= 

H373 

HYDRAULICS*  H59 

GROHTH  = 

0 

STORE 

MT.= 

HO  0  0 

GEAR 

= 

1185 

ELECTRICAL*  778 

FLT.DES.* 

3802H 

TOT. FUEL  = 

13565 

E. SECT 

S 

870 

AVIONICS  =  2138 

STR.DEN.* 

6.67 

TAKEOFF 

MT.  = 

HO  720 

ENGINE* 

3369 

FURN*EQUTP*  265 

AIRFRAME* 

1H53H 

FUEL  BREAKDOUN 

OIST. 

ALT. 

MACH 

L-  0 

t.aul  drag  sfc 

TIME 

FUEL 

0.0 

0 

0.0 

0.0 

20755 

1 H53  1.6HH 

15.0MIN 

597 

0.0 

0 

0  .  HO 

12.02 

32H0H 

3325  1.907* 

0.0  MIN 

312 

0.0 

0 

0  .  HO 

0.0 

f. 

0  0.0 

C.OMIN 

0 

H.H 

0 

0.90 

5.19 

2H909 

7635  1.299 

36.HSEC 

291 

27.2 

39000 

0.90 

12.79 

60HO 

30H0  1.123 

3. 1  MI N 

738 

3H6.3 

hi  mo 

0.90 

12.75 

5H6H 

2366  1.129 

H0.3MIN 

22H2 

15.0 

HI  100 

1.50 

5.98 

17069 

6062  1.988* 

80.3SEC 

5H2 

10.9 

H0000 

2.00 

3.35 

25737 

10662  2.110* 

39.5SEC 

H77 

11.3 

53200 

2.00 

6.32 

10696 

5576  2.119* 

0.6MIN 

358 

238.2 

58200 

2.00 

6.  15 

5602 

5HH6  1.H73 

12.5MIN 

1683 

PIS)  AVAIL* 

0  P<S) 

RED* 

0  AT 

2.23G,  58201  FT, MACH  2.00CCL* 

0.31 ) 

60.6 

58201 

2.00 

7.07 

10695 

1069H  2.119* 

3.2MIN 

1  197 

P'S)  AVAIL* 

0  P(S) 

REQ* 

0  AT 

3.50G,  30000  FT, MACH  0.90CCL* 

0.71  ) 

PCS)  AVAIL* 

0  PCS) 

REQ* 

0  AT 

2.95G,  50000  FT, MACH  2.00CCL* 

0.31  ) 

0.0 

30000 

0.90 

0.0 

0 

0  0.0 

C.OMIN 

0 

11.5 

30000 

1.60 

3.60 

28H05 

1 0565  2.078* 

57. 1SEC 

0 

DROP  STORES  AT  50000 i. 

FEET 

250.0 

62750 

2.00 

6.  1H 

HH89 

H377  1.H77 

13. 1  MI N 

1H2H 

0.0 

H5000 

0.90 

0.0 

0 

0  0.0 

O.OMIN 

0 

HOO.O 

H9300 

0.90 

12.73 

3696 

1969  1.140 

H6.5MIN 

1801 

63.6 

0 

0.29 

11.53 

21787 

2068  1.750 

20.0MIN 

1225 

0.0 

0 

0.0 

0.0 

0 

0  0.0 

O.OMIN 

678 

COMBAT  HEIGHT*  38022. LBS. 

RUN  ON  12/19/78  HITH  1 977B  VERSION  OF  CISE 

MSLPC  MACH  2  PENTRATOR  FNC  <2)  CDAFVJ1 6  ENGINES  PENLAST  POLR 

R 


1787-169W 
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"B"  VARIANT  APPLICATION 
TO 

MSI  I't:  (RADAR)  PiiNETRATOR  CONFIC.  NO.  006  LPC-1 
ESCAPE  FACTORS  DATA 


WING  SIZING  CRITERION 
THRUST  SIZING  CR I  TER  I 
W I  NG-AREA3  526  AR= 
0.  T.  -AREA3  102  AR= 

H . T. -AREA3  81  AR  = 
BODV-AREA*  1259  U0= 

ENG.  NACELLES  BRER  = 
TOTAL  WETTED  AREA  3 
HORIZONTAL  TAIL  ARM, 
OUERALL  FINENESS  RATI 
TAKEOFF  WING  LOADING, 
TAKEOFF  01  ST. (GROUND 


****RESULTS**** 

INPUTTED  W  S 
ON!  INPUTTED  T/W 


3.00  T/C-ROOT=.045 

1.01  T/C<AUG>=.036 

2.59  T /C( AUG >=.036 
6.12  LEN .  ,FT . =  76 

0  CAP. APEA3  547 
2436  CLCMAX. )=0 . 97 
FEET=  22.7 
0  =11.75 

W/S=  77.5 
RUN)3  1498 


L.E  SWEEPR59.0  TRPER*0.200 
.25  SWEEP=54.1  TAPER=0.153 
.25  SWEEP=47.9  TRPERt=0 .  1  52 
UOL‘.  TOT  .  =  2182  PRESS=  SO 
DUCT  LEN=17.74  ENGS.=  2 
LANDING  STALL  SPEED', KN*  120 
DRAG  RISE  MACH  NUMBER  =  0.900 

TOTAL  THRUST-SLS, MAXIMUM  R/B=  32420 
TAKEOFF  THRUST-T0-WEI6HT,T/W=  0.795 
LANDING  DISTANCErGROUND  RUN)3  1145 


WEIGHT  BREAKDOWN 


WT.  EMPTV  = 

22368 

WING  = 

335B 

FUEL  S 

VST. =  1474 

AIR  COND3 

515 

CREW 

WT.  = 

273 

U. TAIL3 

474 

MI  SC. PROP. 3  188 

HANDLING3 

8 

RACKS 

,PVL  = 

150 

H. TAIL3 

510 

SURF. CHTLS3  736 

FIXED  WT= 

1632 

Ml  SC. 

U .  L .  = 

393 

BODV  3 

4376 

HVDRAULI CS=  459 

GROWTH  3 

0 

STORE 

WT.  = 

4000 

GEAR  3 

1186 

ELECTRICAL3  778 

FLT. DES. 3 

38064 

TOT. FUEL  = 

13579 

E . SECT  3 

870 

AU IONICS  3  2138 

STR. DEN. = 

6.68 

TAKEOFF 

WT .  = 

40763 

ENGINE3 

3373 

FURN»EBUIP3  286 

AIRFPAMEt 

14568 

FUEL  BREAKDOWN 

OIST. 

ALT. 

MACH 

L/D 

T .  AUL 

DRAG  SFC 

-IME 

FUEL 

0.0 

0 

0.0 

0.0 

20777 

1454 

1.644 

15.0 M I N 

0.0 

0 

0.40 

12.02 

32438 

3329 

1 .907* 

0.0I11N 

313 

0.0 

0 

0.40 

0.0 

0 

0 

0.0 

t.OHIN 

0 

4.4 

0 

0 . 90 

5.20 

24936 

7641 

1.299 

36.4SEC 

291 

■*»  *•% 

.  •  L. 

39000 

O.90 

12.80 

60  47 

3043 

1.123 

3.  1 M I N 

739 

346.8 

41  100 

0.90 

12.76 

5470 

2869 

1.129 

40.3MIN 

2244 

15.0 

41  100 

1 . 50 

5.  98 

17087 

6068 

1.988* 

80.3SEC 

542 

10.9 

40000 

2.00 

3.35 

25764 

10672 

2.110* 

39.5SEC 

477 

11.8 

58200 

2.00 

6.32 

10  707 

5581 

2.119* 

0.6MIN 

358 

238.2 

58200 

2.  00 

6.  15 

5608 

5451 

1.473 

12.5MIN 

1685 

P(S)  AUAIL= 

0  PCS) 

REQ<= 

0  AT 

2.23G, 

58201  FT, MACH  2.00CCL3 

0.31) 

60 . 6 

58201 

2.0  0 

7.07 

10707 

10705 

2.119* 

3.2MIN 

1  198 

P(S<  ADAIL= 

0  PCS) 

RED3 

0  AT 

3.50G, 

30000  FT, MACH  0 . 90 C CL30 . 7 1  ) 

P(S>  AHA1L= 

0  PCS) 

REQ= 

0  AT 

2.95G, 

50000  FT, MACH  2.00CCL3 

0.31) 

0.0 

30000 

0. 90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

11.5 

30000 

1.60 

3.  60 

28435 

10  575 

2.078* 

57. 1  SEC 

0 

OPOP  STORES  AT 

50000. 

FEET 

250.0 

62750 

2.00 

6.14 

4494 

4381 

1 .477 

1  3.  1  M I N 

1426 

0.0 

45000 

0.90 

0.0 

0 

0 

0.0 

O.OMIN 

C 

400.0 

49300 

0.90 

12.73 

3700 

1971 

1.140 

46. SMI N 

1804 

63.6 

0 

0.29 

11.53 

21310 

2071 

1.750 

20. 0  MIN 

1226 

0.0 

0 

0.0 

0.0 

0 

0 

0.0 

O.OMIN 

679 

COMBAT 

WEIGHT= 

38062. 

LBS. 

RUN  ON 

12/19/78  WITH 

1977B  UERSION 

OF  CISE 

MSLPC  MACH  2  PENTRATOP  FWC  (2)  COAFVU1 6  ENGINES  PENLAST  POLA 
R 


178 ’ 170W 
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CURVED  TRACK  APPLICATION 


TO 

MSLPC  (RADAR)  PENETRATOR  CONFIG.  NO.  006  LPC-1 
ESCAPE  FACTORS  DATA 


****RESULTS**** 

MING  SIZING  CRITERION:  INPUTTED  W/S 
THPUST  SIZING  CRITERION:  INPUTTED  T/W 


WING-AREA*  525  AR=  3.00  T/C-ROOT* . 0 45 

U.T.-AREA*  102  AR=  1.01  T/CCAUG>=.G36 

H.  T.  -AREA*  SI  AR  =  2.59  T/CCAUG  >  = .  0 36 

BODV-AREA*  1258  WD  =  6.11  LEN. ,FT ,  =  76 

ENG.  NRCELLES  AREA  =  0  CAP. AREA*  546 

TOTAL  WETTED  RREfi  =  2432  CLCHAX. >=0 . 97 
HORIZONTAL  TAIL  ARM,  FEET=  22.7 
OVERALL  FINENESS  RATIO  =11.75 
TAKEOFF  WING  LOADING,  W/S=  77.5 
TAKEOFF  GIST. (GROUND  RUN)*  1498 


0.200 

0.153 

0.152 

80 


L.E  SWEEP=59. 0  TRPER* 

.25  SWEEP=5H . 1  TAPER* 

.25  SWEEP=47 . 9  TAPER* 

N0L : TOT . =  2180  PRESS* 

DUCT  LEN=17.73  EHGS.=  2 
LANDING  STALL  SPEED, KN=  120 
DRAG  RISE  MACH  NUMBER  =  0.900 

TOTAL  THRUST-SLS, MAXIMUM  A/B*  32366 
TAKEOFF  THRUBT-TO-WE I GHT  ,T/W=  0.795 
LANDING  D1STANCE(GR0UND  RUN)*  1145 


WEIGHT  BREAKDOWN 


UT.  EMPTV  = 

22314 

WING 

= 

3351 

FUEL  SVST. =  1472 

RIP  COND= 

515 

CREW  WT.  = 

281 

U.7AIL 

= 

473 

MISC. PROP. =  188 

HANDLING* 

O 

RACKS, PVL= 

150 

H. TAIL 

= 

5oe 

SURF . CNTLS=  735 

FIXED  WT* 

1632 

MISC. U. L.  = 

392 

BODV 

= 

4371 

HVDRRUL I CS=  459 

GROWTH  = 

0 

STORE  WT. = 

4000 

GEAR 

= 

1184 

ELECTRICAL=  777 

PLT.DES.*  3 

8001 

TOT. FUEL  = 

13557 

E . SECT 

s 

869 

AUION1CS  =  2138 

STP. DEN. = 

6.66 

TAKEOFF  WT . = 

40695 

ENGINE 

=  3366  FURN*EQUIP=  259 

FUEL  BREAKDOWN 

RIRFPRMEfc  1 

4522 

DIST.  ALT. 

MACH 

L/D 

T .  AUL 

DRAG  SFC 

TIME 

FUEL 

0.0  0 

0.0 

0.0 

20742 

1452  1.644 

15.0MIN 

597 

0.0  0 

0.40 

12.02 

32334 

3324  1.907* 

C.OMIN 

3 1  2 

0.0  0 

0.40 

0.0 

0 

0  o.c 

0 . 0  M I N 

'  ’o 

4.4  0 

0. 90 

5.19 

24894 

7631  1.299 

36.5SEC 

290 

27.2  39000 

0.90 

12.79 

6037 

3033  1.123 

3. 1  MIN 

738 

346.8  41100 

0.90 

12.75 

5461 

2865  1.129 

40.3MIN 

2240 

15.0  41100 

1  .  50 

5.98 

17059 

6059  1.988* 

80.3SEC 

541 

11.0  40000 

2.  00 

3.35 

25721 

10656  2.110* 

39.5SEC 

4  76 

11.3  58200 

2.00 

b.  ^2 

10  689 

5573  2.119* 

0.611  IN 

358 

238.2  53200 

2.  0  0 

6.15 

5598 

5443  1.473 

12.5MIN 

1682 

P(S>  AUAIL= 

0  PCS) 

REO  = 

0  AT 

2.23G,  58201  FT, MACH  2.00CCL=0 

.31  ) 

60.6  58201 

2. 00 

7.07 

10689 

10687  2.119* 

3.2MIN 

1  196 

P(S)  RURIL= 

0  P  < S  > 

RED* 

0  AT 

3.50G,  30000  FT, MACH  0.90CCL=0 

.71  ) 

P(S)  AUAIL= 

0  PCS) 

REQ* 

0  AT 

2.95G,  50000  FT, MACH  2.00<CL=0 

.31 ) 

0.0  30000 

0. 90 

0.0 

0 

0  0.0 

0.011IN 

0 

11.5  30000 

DROP  STORES  AT 

1.60 

50000 

3.  60 

FEET 

23388 

10560  2.078* 

57. 1  SEC 

0 

250.0  62750 

2.00 

6.  14 

4487 

4374  1.477 

13. 1  MIN 

1423 

0.0  45000 

0.90 

0.0 

0 

0.  0.0 

O.GMIN 

0 

400.'  49300 

0.90 

12.73 

3694 

1968  1.140 

46. SMI N 

1800 

63.6  0 

0.29 

11.53 

21774 

2067  1.750 

20.0MIN 

1224 

0.0  0  0.0 
COMBAT  WEIGHT*  37999. 
RUN  OH  12/19/73  WITH 

0.0 

LBS. 

1977B 

0 

UERSION 

0  0.0 

OF  CISE 

C.OMIN 

678 

MSLPC  MACH  2  PENTRATOR  FWC  <2>  CDRFVJ1 6  ENGINES  PENLRST  POLR 
R 


1787-171W 
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MSLPC  APPLICATION 


WITHOUT  RADAR 

PENETRATOR  CONFIG  NO.  006LPC-2 
AERO  FACTORS  DATA 


****RESULTS**** 

WING  SIZING  CRITERION:  INPUTTED  U/S 
THRUST  SIZING  CRITERION:  INPUTTED  T/W 

WING-AREA”  521  AR-3.00  T/C-R00T-045  L  .  E  SWEEP-59. 0  TAPER-0.200 

V. T. -AREA-  93  AR-  1.01  T/CCAVG)-. 036  . 25  SWEEP-54. 1  TAPER-0.153 

H . T . -AREA-  80  AR-  2.59  T/CTaVG>-. 036  .25  SWEEP-47.9  TAPER-0.152 

BODY-AREA-  1248  WD-  6.08  LEN. ,  FT.  -  75  VOL: TOT-  2156  PRESS-  80 

ENG.  NACELLES  AREA  -  0  CAP. AREA-  542  DUCT  LEN-17.67  ENGS-  2 

TOTAL  WETTED  AREA  *  2396  CLCMAX. )-0. 97  LANDING  STALL  SPEED. KN-  120 
HORIZONTAL  TAIL  ARH.  FEET-  22.6  DRAG  RISE  MACH  NUMBER  *  0.900 

OVERALL  FINENESS  RATIO  -11.79  TOTAL  THRUST-SLS.  MAXIMUM  A/B*  32107 

TAKEOFF  WING  LOADING.  U/S-  77.5  TAKEOFF  THRUST-T0-WE1GHT. T/W-  0.795 

TAKEOFF  DIST.  < GROUND  RUN)-  1498  LANDING  DISTANCE (GROUND  RUN)*  1145 


WEIGHT  BREAKDOWN 


WT.  EMPTY  « 

22146 

WING  - 

3316 

FUEL  SYST . » 

1463 

AIR  CUND- 

515 

CREW  WT.  - 

279 

V. TAIL- 

431 

MISC. PROP- 

187 

HANDLING- 

8 

RACKS. PYL- 

150 

H. TAIL- 

503 

SURF.  CNTLS- 

728 

FIXED  WT- 

1632 

MISC.U.L.- 

390 

BODY  - 

4338 

HYDRAUL ICS- 

457 

GROWTH  - 

0 

STORE  WT- 

4000 

GEAR  - 

1176 

ELECTRICAL- 

775 

FLT.DES- 

37705 

TOT . FUEL  » 

13403 

E.SECi- 

861 

AVIONICS  - 

2138 

STR.DEN* 

6.68 

TAKEOFF  WT- 

40369 

ENGINE- 

3334 

FURN+EQUIP- 

278 

AIRFRAME- 

■ 

14393 

FUEL  BREAKDOWN 


DIST 

ALT. 

MACH 

L/D 

T . AVL  DRAG 

SFC 

TIME 

FUEL 

0.  0 

0 

0.  0 

0.  0 

20576 

1440 

1.644 

15.0MIN 

592 

0.  0 

0 

(. .  40 

12.06 

32125 

3286 

1  907* 

O.OMIN 

309 

0  0 

0 

0.40 

0.0 

0 

0 

0.0 

O.OMIN 

0 

4.  4 

0 

0.  90 

5.23 

24694 

7519 

1.299 

36.4SEC 

288 

27.  2 

39000 

0.  90 

12.84 

5988 

3004 

1.123 

3. 1MIN 

730 

347.0 

41100 

0.  90 

12.  79 

5417 

2833 

1.129 

40.3MIN 

2218 

14  9 

41100 

1.  50 

6.03 

16922 

5959 

1 . 988* 

80.0SEC 

535 

10  9 

40000 

2.  00 

3.38 

25515 

10475 

2. 110* 

39.3SEC 

470 

11.7 

58200 

2.  00 

6.36 

10604 

5489 

2. 119* 

0.6MIN 

353 

238.3 

58200 

2.  00 

6.20 

5553 

5361 

1.474 

12. SHIN 

1659 

P(S)  AVAIL- 

0  PCS) 

REG- 

0  AT 

2. 230*  58201  FT.  MACH  2.00CCL 

=0.31) 

60  4 

58201 

2.00 

7.  09 

10603 

10602 

2. 119* 

3.2MIN 

1184 

PCS)  AVAIL- 

0  PCS) 

REQ- 

0  AT 

3.50G.  30000  FT. 

MACH  0. 90CCL-0. 71 ) 

PvS)  AVAIL- 

0  PCS) 

REQ* 

0  AT 

2.96G.  50000  FT. 

MACH  2.00CCL' 

-0.31) 

0.  0 

30000 

0.  90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

11  4 

30000 

1. 60 

3.63 

28160 

10379 

2. 078* 

56.9SEC 

0 

DROP  STORES  AT 

50000. 

FEET 

250.0 

62750 

2.  00 

6.  19 

4451 

4307 

1. 478 

13. ININ 

1403 

0  0 

45000 

0.  90 

0.0 

0 

0 

0.  0 

O.OMIN 

0 

400.  0 

49200 

0.  90 

12.  78 

3682 

1946 

1.141 

46.5MIN 

1781 

63.6 

0 

0.29 

11.57 

21599 

2045 

1.753 

20.0MIN 

1213 

0.  0 

0 

0.0 

0.0 

0 

0 

0.0 

O.OMIN 

670 

COMBAT 

WEIGHT- 

37703. 

LBS. 

RUN  ON 

01/24/79  WITH 

1977B 

VERSION 

OF  CISE 

MSLPC  MACH  2  PENTRATOR  FWC  (2)  CDAFYJ16  ENGINES  PENLAST  POLA 
R 

1787  i?2W 


217 


DEFLECTION  WEDGE  APPLICATION 


TO 

MSLPC/PENETRATOR  CONFIG  NO.  006LPC-2 
ESCAPE  FACTORS  DATA 

****RESULTS***» 

MING  SIZING  CRITERION:  INPUTTEO  W/S 
THRUST  SIZING  CRITERION:  INPUTTEO  T/W 

UING-AREA*  322  AR*  3.00  T/C-ROOT*. 045  L.E  SNEEP-59.0  -RPER-0.2GG 
U.T.-AREA*  S3  AR*  1.01  7/C < RUG >*.036  . 25  SWEEP-54. t  TAPER-0.153 

H.T.-AREA*  SO  AR*  2.59  T/C<AUG>*.Q36  .25  SWEEP-47.9  TAPER-0.152 

BODY-AREA*  1 249  WO*  6.08  LEN.  .FT . a  75  UOL:TOT.«  2153  PPESS*  30 

ENG.  NACELLES  AREA  *  0  CAP. AREA*  543  DUCT  LEH-17.67  ENGS.*  2 

TOTAL  WETTED  AREA  *  2399  CLU1AX.  >»0 . 97  LANDING  STALL  SPEED, KN*  120 
HORIZONTAL  TAIL  ARM.  FEET*  22.6  DRAG  RISE  MACH  NUMBER  =  0.900 

OUERALL  FINENESS  RATIO  *11.79  TOTAL  THRUST-SLS  .MAXIMUM  A/e*  32163 


TAKEOFF 

WING 

LOADING, 

M/S* 

t 

7.5 

TAKEOFF  T 

HRUST-TO-I 

WEIGHT, T/W* 

0 . 795 

TAKEOFF 

01  ST . 

<  GROUND 

RUN>* 

1498 

LANDING  D 

I3TANCE<GROUNO  RUN?* 

1146 

UEI8HT 

BREAKDOWN 

UT.  EMPTV  * 

22198 

MING 

X 

3324 

FUEL  SVST. *  1465 

AIR  COtID* 

515 

CREH 

WT.  = 

274 

U. TAIL 

X 

432 

MISC. PROP.*  137 

HANDLING* 

3 

RACKS 

,  PVL  = 

150 

H. TAIL 

X 

504 

SURF.CMTLS*  729 

FIXED  UT* 

1632 

MISC. 

U.L.  = 

390 

GOOV 

S 

4342 

HYORAUL 

ICS*  45.7 

GROWTH  * 

n 

STORE 

WT.* 

4000 

SEAR 

s 

1  177 

ELECTRICAL*  775 

FLT.CES.* 

3777* 

TOT. FUEL  * 

13426 

E. SECT 

s 

862 

AU ION  ICS  *  2133 

STR.OEN.* 

6.69 

TAKEOFF 

WT.  * 

40440 

ENGINE* 

3341 

FURN+EQUIP*  302 

AIRFRAME¬ 

14437 

FUEL  BREAKDOWN 

DIST. 

ALT. 

MACH 

L-'O 

T.AUL  DRAG 

SFC 

TIME 

FUEL 

0.0 

0 

0.0 

0.0 

20612 

1443 

1.644 

1I.0MIN 

593 

0.0 

0 

0.40 

12.06 

32131 

3291 

1.307* 

T.CM1N 

310 

0.0 

0 

0.40 

0.0 

0 

0 

0.0 

fi.OHIN 

r, 

4.4 

0 

0.90 

5.23 

24733 

7529 

1.299 

36.4SEC 

288 

27.2 

39000 

0.90 

12.34 

5999 

3009 

1.123 

3. ININ 

731 

347.0 

41  100 

0.90 

12.30 

5427 

2833 

1.129 

40.3MIN 

2221 

14.9 

41100 

1.50 

6.03 

16952 

5968 

1.983* 

3C.0SEC 

536 

10.9 

40000 

2.00 

3.33 

25560 

10491 

2. 110* 

39.3SEC 

471 

M.7 

53200 

2.00 

6.37 

10  622 

5498 

2.113* 

0.6NIN 

353 

233.3 

53200 

2.00 

6.20 

5563 

5370 

1.474 

12.5MIN 

•662 

P<S>  AUAIL* 

0  P(S> 

REQ* 

G  AT 

2.23G,  58201  FT, MACH  2.00CCL-0.31 > 

60.4 

33201 

2.30 

7.09 

10  622 

10620 

2.119* 

3.2MIN 

1  136 

P<S>  AUAIL* 

0  P<S) 

REQ* 

0  AT 

3.50G,  30000  FT ,NACH  0.90<CL= 

0.71) 

P < S >  AUAIL* 

0  P(S> 

REQ* 

0  AT 

2.966,  50000  FT, MACH  2.00CCL* 

0.31 ) 

0.0 

30000 

0.90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

11.4 

30000 

1 . 60 

3.63 

23209 

10  395 

2.078* 

56.9SEC 

0 

DROP  STORES  AT  30000. 

FEET 

250.0 

62730 

2.00 

6.19 

4459 

4314 

1.478 

13. ININ 

1405 

0.0 

45000 

0.90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

400.0 

49200 

0.90 

12.73 

3638 

1949 

1.141 

tt6. 5MIN 

1735 

63.6 

0 

0.29 

11.57 

21637 

2049 

1.753 

20.CMIN 

1215 

0.0 

0 

0.0 

0.0 

0 

0 

0.0 

O.OMIN 

671 

C0M6AT 

WEIGHT 

*  37769. 

LBS. 

RUN  ON 

12/19/73  WITH 

i  977B 

UERSION 

OF  CI3E 

MSLPC  MACH  2  PENTRATOR  FWC  <2>  COAFVJ1 6  ENGINES  PENLAST  POLA 
R 

17S2-I73W 
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TRACTOR  ROCKET  APPLICATION 


TO 

MSLPC/PENET.IATOR  CONFIG  NO.  006LPC-2 


ESCAPE  FACTORS  DATA 


****RESULTS***» 

WING  SIZING  CRITERION:  INPUTTED  W/S 
THRUST  SIZING  CRITERION:  INPUTTED  T/W 


WING-AREA- 

521 

AR- 

3.  00 

T/C-ROOT*. 045 

L.E  SWEEP-59.0 

TAPER-O. 200 

V.  T. -AREA- 

92 

AR- 

1.01 

T/C<AVG>-. 036 

.25  SWEEP-54.1 

TAPER-O. 153 

H.  T. -AREA- 

80 

AR- 

2.  59 

T/C< AVG>- . 036 

.25  SWEEP-47.9 

TAPER-O. 152 

BODY-AREA- 

1247 

UD- 

6.08 

LEN..FT-  75 

VOL: TOT-  2154 

PRESS-  80 

ENG.  NACELLES  AREA  - 

0 

CAP. AREA-  541 

DUCT  LEN-17. 66 

ENGS-  2 

TOTAL  WETTED  AREA  -  2394  CLIMAX. >“0.97  LANDING  STALL  SPEED*  KN-  120 
HORIZONTAL  TAIL  ARM*  FEET-  22.6  DRAG  RISE  MACH  NUMBER  -  0.900 
OVERALL  FINENESS  RATIO  -11.60  TOTAL  THRUST -SLS,  MAXIMUM  A/B-  32078 
TAKEOFF  WING  LOADING.  W/S-  77. S  TAKEOFF  THRUST-TO-WEIGHT,  T/W-  0.795 


takeoff  DIST 

(GROUND 

RUN)*  1496  1 

WEIGHT 

LANDING  DISTANCE (GROUND  RUN>- 

BREAKDOWN 

1145 

WT.  EMPTY  - 

22127 

WING  - 

3312 

FUEL  SYST. *  1462 

AIR  COND- 

515 

CREW  WT.  - 

274 

V.TAIL- 

430 

MISC. PROP. -  187 

HANDLING- 

8 

RACKS. pyl- 

150 

H. TAIL- 

502 

SURF. CNTLS-  728 

FIXED  UT- 

1632 

MISC.U.L.- 

390 

BODY  - 

4335 

HYDRAULICS*  456 

GROWTH  - 

0 

STORE  WT- 

4000 

GEAR  - 

1175 

ELECTRICAL-  775 

FLT.DES.- 

37671 

TOT.FUEL  - 

13392 

E. SECT- 

860 

AVIONICS  -  2138 

STR.DEN.- 

6.  67 

TAKEOFF  WT* 

40333 

ENGINE- 

3330 

FURN+EQUIP-  273 

AIRFRAME- 

14378 

FUEL  BREAKDOWN 


DIST 

ALT. 

MACH 

L/D 

T.AVL  DRAG 

SFC 

TIME 

FUEL 

0  0 

0 

0.  0 

0.0 

20558 

1439 

1.644 

15.0MIN 

591 

0.  0 

0 

0.40 

12.06 

32096 

3283 

1 . 907* 

O.OMIN 

30V 

0.  0 

0 

0.40 

0.0 

0 

0 

0.0 

O.OHIN 

0 

4.4 

0 

0.90 

5.23 

24672 

7514 

1.299 

36.4SEC 

287 

27.2 

39000 

0  90 

12.84 

5983 

3002 

1.  123 

3.1MIN 

729 

347.  0 

41100 

0.90 

12.79 

5412 

2831 

1. 129 

40.3MIN 

2216 

14  9 

41100 

1.50 

6.03 

16907 

5954 

1 . 988* 

80. OSEC 

535 

10  9' 

40000 

2.00 

3.38 

25492 

10467 

2. 110* 

39.3SEC 

470 

11.7 

58200 

2.  00 

6.36 

10594 

5485 

2. 119* 

0.6NIN 

352 

238.  3 

58200 

2.00 

6.  20 

5549 

5357 

1.474 

12. SHIN 

1658 

P(S)  AVAIL* 

0  PIS) 

REQ- 

0  AT 

2. 236.  58201  FT, 

MACH  2. OOICL-O. 31 ) 

60.  4 

58201 

2.  00 

7.  08 

10594 

10592 

2. 119* 

3.2MIN 

1183 

P(S>  AVAIL- 

0  PIS) 

REQ- 

0  AT 

3.500,  30000  FT, 

MACH  0.90 I CL 

-0. 71) 

PIS)  AVAIL- 

0  PIS) 

REQ- 

0  AT 

2:960.  50000  FT, 

MACH  2. 00 I CL 

-0.31) 

0.0 

30000 

0.90 

0.0 

0 

0 

0.  0 

O.OMIN 

0 

11.4 

30000 

1.60 

3.63 

28135 

10371 

2. 078* 

56.9SEC 

0 

DROP  STORES  AT 

50000. 

FEET 

250.  0 

62750 

2.  00 

6.  19 

4447 

4303 

1.478 

13. 1HIN 

1402 

0.0 

45000 

0.90 

0.  0 

0 

0 

0.0 

O.OMIN 

0 

400.  0 

49200 

0.90 

12.  78 

3679 

1944 

1.  141 

46.5MIN 

1780 

63.6 

0 

0.  29 

11. 57 

21580 

2043 

1.753 

20.0MIN 

1212 

0.0 

0 

0.  0 

0.0 

0 

0 

0.0 

O.OMIN 

670 

COMBAT 

WEIGH!- 

3/669. 

LBS. 

RUN  ON 

01/24/79  WITH 

1977B 

VERSION 

OF  CISE 

MSLPC  MACH  2  PENTRATOR  FWC  (2)  CDAFYJ16  ENGINES  PENLAST  POLA 
R 


17«717«W 
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SHIELD/CANOPY  APPLICATION 
TO 

MSLPC / PENETRATOR  CONFIG  NO.  006LPC-2 
ESCAPE  FACTORS  DATA 

****RESULT$**** 

MI  MG  SIZING  CRITERION:  INPUTTEO  W/ S 
THRUST  SIZING  CRITERION:  INPUTTED  T/U 


UING-AREA*  521  AR*  3.00  T/C-ROOT*. OHS 

".T.-AREA*  92  AR*  1.01  T/CCAUG)*. 030 

H. T.-AREA*  SC  AR*  2.39  T/CCAUG)*. 036 

BOOV-AREA*  12HZ  WO*  6.08  LEN.  .FT. *  75 

EMG.  NACELLES  AREA  *  0  CAP. AREA*  3H1 

TOTAL  WETTED  AREA  *  239H  CLCMAX. ;*0 . 97 
HORIZONTAL  TAIL  ARH ,  FEET*  22.6 
OVERALL  FINENESS  RATIO  *11.30 
TAKEOFF  WING  LOAOING,  U/S*  77.5 
TAKEOFF  OIST. (GROUND  RUN)*  1H98 


L.E  SWEEP-59.0 
.23  SWEEP-5H. 1 
.23  SWEEP-H7.9 
MOL: TOT. *  213H 
0UCT  LEN* 1 7. 66 
LANDING  STALL  SPEED, KN 
CRAG  RISE  MACH  NUMBER 
TOTAL  THRUST-SL3, MAXIMUM  A/B* 
TAKEOFF  THRUST-TO-HEIGHT.T/Ws 
LANDING  Di 3TANCECGR0UMD  RUN)* 


TAPER 

TAPER 

TAPER* 

PRESS 

ENGS. 


G.200 
0.133 
0 


mf  b 

30 


120 
0.900 
32079 
0 . 795 
1 1H5 


WEIGHT  BREAKDOWN 


UT.  EMPTV  * 

22119 

WING  * 

3312 

FUEL  SVST. *  1 H62 

AIR  COND- 

313 

CREW 

UT.  * 

232 

".TAIL* 

H30 

I11SC.PPOP.*  187 

HANDLING- 

8 

RACKS 

.PVL* 

‘50 

H. TAIL* 

302 

SURF. CNTLS*  728 

FIXED  UT  * 

1632 

III  SC. 

U.L.* 

390 

BODV  * 

H333 

hvoraul: 

CS*  H56 

5R0UTH  - 

* 

STORE 

MT .  * 

HO  00 

GEAR  * 

1175 

ELECTRICAL-  775 

FL'.CES.- 

J*  O  i  I 

'07. FUEL  * 

’3392 

E. SECT- 

860 

AVIONICS 

:  *  2133 

3TP. OEM. * 

6.6. 

TAKEOFF 

UT.a 

*0333 

ENGINE* 

3330 

FURN+EQU 

HP*  265 

AIRFRAME* 

1H370 

FUEL  BREAKDOWN 

OIST. 

ALT. 

MACH 

L/O 

T.AUL*  DRAG 

SFC 

TIME 

FUEL 

0.0 

0 

0.0 

0.0 

20  353 

1H39 

1 . 6HH 

15.GMIN 

591 

0.0 

0 

3.  HO 

12.06 

32096 

3233 

1.907* 

O.OMIN 

309 

0.0 

0 

0 .  HO 

0.0 

0 

0 

0.0 

G.ONIN 

0 

H.H 

0 

0.90 

5.23 

2H673 

75  JH 

1.299 

36.HSEC 

287 

39000 

0.90 

12. 3H 

3983 

3002 

1.123 

3. 1  MIN 

729 

3H7.0 

Hi  130 

0.90 

12.79 

5H12 

2331 

1.129 

H0.3NIN 

2216 

1  H.  9 

HI  100 

!  .50 

6.03 

16907 

595H 

1.938* 

30.03EC 

535 

10.9 

HOOOO 

2.00 

3.33 

25H92 

10H67 

2. 110* 

39.Z3EC 

H70 

11.7 

53230 

2. CO 

6.36 

1  0  39H 

5H35 

2.119* 

C.6MIN 

352 

233.3 

53200 

2. GO 

6.20 

53H9 

5357 

1 .  H7H 

12.5MIN 

1658 

PCS)  AUAIL* 

0  PCS) 

REQ* 

0  AT 

2.23G,  53201  FT, MACH  2. 00 v CL«0 .31) 

60.  H 

58201 

2.00 

7.08 

10  39H 

10592 

2.119* 

3.2NIN 

1133 

PCS)  AUAIL* 

0  PCS) 

REe- 

0  AT 

3.50G,  30000  FT, MACH  0.90CCL* 

0.71) 

P-‘S>  AUAIL* 

0  PCS) 

REQ* 

0  AT 

2.96G,  50000  FT, MACH  2.C0CCL* 

0.31 ) 

0.0 

30000 

0.90 

0.0 

G 

0 

0.0 

O.OMIN 

0 

1  1  .H 

30000 

1 .60 

3.63 

28133 

10371 

2.073* 

36.9SEC 

0 

DROP  STORES  AT 

30000. 

FEET 

230.0 

62750 

2.00 

6.19 

HHH7 

H303 

1.H78 

7  3. 1  MIN 

1  H02 

0.0 

H5000 

0.90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

HOO.O 

H9200 

0.90 

12.73 

3679 

1  9HH 

!  .  1H1 

H6.5NIN 

1780 

63.6 

0 

0.29 

11.57 

21530 

20H3 

1.733 

20.011IN 

i  <5 

• 

0.0 

0 

0.0 

0.0 

0 

0 

0.0 

O.OMIN 

670 

C011BAT 

WEIGHT* 

37670. 

LBS. 

PUN  ON  12/19/73  WITH  1977B 
HSLPC  MACH  2  PENTPATOR  FWC 
R 

1?«7-17SV< 


VERSION  OF  CISE 

<2>  C0AFVU16  ENGINES  PENLAST  POLA 


I 

i 
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"B"  SEAT  VARIANT  APPLICATION 
TO 

MSLPC/PENETRATOR  CONFIG  NO.  006LPC-2 
ESCAPE  FACTORS  DATA 


****RESULT$**** 

WINS  SIZING  CRITERION*  INPUTTEO  M/S 
THRUST  SIZING  CRITERION*  INPUTTEO  T/M 

WING-AREA*  521  AR*  3.00  T/C-ROQT-.045  L.E  SWEEP*59.0  TAPER-0.200 

V. 7. -AREA*  33  AR*  1.01  T/C<AUG)«.G36  . 25  SWE£P*54. 1  TAPER*»0.153 

H. T. -APEA*  30  AR*  2.59  T/C<AOG>«.036  .25  SUEEP*47.9  7APER«0.152 

800“-APEA*  1 248  MO*  6.0$  LEN.,FT.»  75  UOL*TOT.«  2156  PRESS*  30 

ENG.  NACELLES  PPEA  *  0  CAP. AREA*  542  DUCT  LEN*17. 67  ENGS.*  2 

TOTAL  METTEO  AREA  *  2336  CLOIAX. )*0 , 97  IfiMOING  STALL  SPEED, KM*  ’20 
HORIZONTAL  TAIL  ARM,  FEET*  22.6  ORAG  RISE  MACH  NUMBER  *  0.300 

OVERALL  FINENESS  RATIO  *M.7 9  TOTAL  THRUST-SLS .MAXIMUM  R/B*  32113 

TAKEOFF  WING  LOADING,  H/$*  77.5  TAKEOFF  "MRUST-TO-WEIGHT^/M*  0.735 

TAKEOFF  0I3T. (GROUNO  RUN)*  1 498  LANDING  OISTANCE<GROUNO  RUN)*  1145 


WEIGHT  BREAKDOWN 


NT.  EHPTV  . 

22157 

WING  * 

3317 

FUEL  3VST , * 

1463 

AIR  CCND* 

515 

cpe w  wr.  * 

273 

U. TAIL* 

431 

MISC.PROP. * 

137 

HANDLING* 

3 

PACKS ,PVL* 

150 

H. TAIL* 

50  3 

SURF. CNTLS* 

728 

FIXED  JJT* 

1632 

NISC.U.L.* 

390 

800V  * 

4333 

HVORAULICS* 

457 

GROWTH  * 

0 

3 T OPE  WT.a 

<<A00 

GEAR  * 

1176 

electrical* 

775 

FLT.OES.* 

3771 2 

TOT. FUEL  * 

13406 

E. SECT* 

861 

AUIOHICS  * 

2133 

STR.DEN.* 

6 « 68 

TAKEOFF  WT.a 

40376 

ENGINE* 

3335 

FURN*EQUIP*« 

236 

AIRFRABE* 

mo3 

FUEL  BREAKDOWN 


DI3T. 

ALT. 

MACH 

L/D 

T.AUL  DRAG 

SFC 

TINE 

FUEL 

0.0 

0 

0.0 

0.0 

20580 

1441 

1.644 

I  5 .  0  N I N 

592 

0.0 

0 

0.40 

12.06 

32130 

3286 

1 .907* 

C.OMJN 

309 

0.0 

0 

0.40 

0.0 

0 

0 

0.0 

O.ONIN 

0 

4.4 

0 

0.90 

5.23 

24699 

7520 

1.299 

36. 4 SEC 

288 

27.2 

39000 

0.90 

12.34 

5989 

3005 

1.123 

3. ININ 

730 

347.0 

41100 

0.90 

12.79 

5418 

2334 

1.129 

40.3NIN 

2213 

14.9 

41100 

1.50 

6.03 

16925 

5960 

1 . 988* 

30.0  SEC 

535 

:o.9 

40000 

2.00 

3.33 

25520 

10477 

2.110* 

39.3SEC 

470 

11.7 

53200 

2.00 

6.36 

10605 

5490 

2.119* 

f .6MIN 

353 

233.3 

53200 

2.00 

6.20 

5554 

5362 

1.474 

12.5MIN 

1659 

P<S)  AUAIL*  0 

P<S> 

REQ* 

0  AT 

2.236,  58201  FT, 

MACH  2.00<Cl*0 

•  31  > 

C  5 . 4 

5820  i 

2.00 

7.09 

1G605 

10604 

2. 119* 

2.2MIN 

1134 

P'S)  AUAIL*  0 

P<S) 

REQ* 

0  AT 

3.506,  30000  FT, 

MACH  0. 90<CL*6 

.71) 

P< 8)  AUAIL*  0 

P<S> 

REQ* 

0  AT 

2.966,  50000  FT, 

NACH  2.00(CL*0 

.31) 

0.0 

30000 

0.90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

11.4 

30000 

1.60 

3.63 

28165 

1033! 

2.078* 

56.9SEC 

0 

DROP  STORES  AT 

50000. 

FEET 

250.0 

62750 

2.00 

6.19 

4452 

430  8 

1.473 

13. ININ 

1403 

0.0 

45000 

0. 90 

0.0 

0 

0 

0.0 

O.ONIN 

0 

400.0 

49200 

0.90 

12.73 

3683 

1946 

1.141 

46.5NIN 

1732 

63.6 

0 

0.29 

11.57 

21603 

2045 

1 . 753 

20.0MIN 

>213 

0.0 

0 

0.0 

0.0 

0 

0 

0.0 

O.ONIN 

670 

CONBHT 

WEIGHT. 

377 1 0 . 

18$. 

RUN  ON 

12/19/73 

WITH 

1  9778 

VERSION 

OF  Cl SE 

MSLPC  MACH  2  PENTRRTOR  FHC  <2>  COAFVdlS  EN6INES  PENLAST  POLA 
R 

17«7-17«W 
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CURVED  TRACK  APPLICATION 


TO 

MSLPC/PENETRATOR  CONFIG  NO.  006LPC-2 
ESCAPE  FACTORS  DATA 


****RESULTS***» 

UING  SIZING  CRITERION*  INPUTTED  W/$ 

THRUST  SIZING  CRITERION*  INPUTTED  T/W 


WING-AREA-  320  AR 
u.  T. -AREA*  92  AR 
H.T.-AREA-  30  RR 
BOOV-AREA-  12H7  MO 
ENG.  NACELLES  AREA 
TOTAL  WETTED  AREA 
HORIZONTAL  TAIL  ARN ,  FEET*  22.6 
OVERALL  FINENESS  RATIO  >11.30 
TAKEOFF  WING  LGAOING,  W/S*  77.3 
TAKEOFF  OIST. (GROUNO  RUN)-  1H98 


3.00 

1.01 

2.59 

6.08 

0 

2393 


T/C-ROOT-.OH5 
T/C'AUG>-.036 
T/C'AUG)-. 036 
LEN.  )FT. *  73 
CAP. AREA-  5H1 
CL'MAX. )*0 . 97 


L.E  SWEEP-59. 0  TAPER-0.200 

.25  SWEEP-3V.  1  TAPER-0.132 

.23  SWEEP-H7. 9  TAPER-0.132 

UQL*  TOT. «  2133  PRESS-  30 
DUCT  LEN-17.66  ENGS.-  2 
LANOING  STALL  SPEED. KH-  120 
DRAG  RISE  MACH  NUMBER  *  0.900 

TOTAL  THRUST-SLS. MAXIMUM  A^B-  32039 
TAKEOFF  THRUST-TO-WEIGHT.T/W-  0.793 
LANOING  0ISTANCE<6R0UND  RUN)-  1 1 H3 


WEIGHT  BREAKDOWN 


WT.  EHPTV  - 

22103 

WING 

* 

3309 

FUEL  SVST . =  1 H62 

AIR  COMO- 

313 

CREW 

WT.  » 

231 

U. TAIL- 

H30 

MISC. PROP. -  187 

HANOLING- 

3 

RACKS 

»PVL» 

130 

H. TAIL 

m 

302 

SURF. CNTLS-  727 

FIXED  WT- 

1632 

rtlSC. 

U.L.* 

390 

BOOV 

u 

H33H 

HVDRAULICS-  H36 

GROWTH  » 

0 

STORE 

WT .  * 

HOOO 

GEAR 

u 

1  17H 

ELECTRICAL-  773 

flt.des.- 

376H8 

TOT. FUEL  = 

1333H 

£. SECT 

m 

'860 

AUIONICS  «  2138 

STR. DEM. » 

6.67 

TAKEOFF 

WT .  * 

H0309 

ENGINE* 

3328 

FURM+EQUIP-  239 

AIRFRAME* 

1H337 

FUEL  BREAKDOWN 

OIST. 

ALT. 

MACH 

L/O 

T.AUL 

DRAG 

SFC 

time 

FUEL 

0.0 

0 

0.0 

0.0 

203H3 

1 H38 

1 . 6HH 

15.0MIN 

391 

0.0 

0 

0 .  HO 

12.06 

32077 

3281 

1.907* 

C.0HIN 

309 

0.0 

0 

0 .  HO 

0.0 

0 

0 

0.0 

o.oniN 

C 

H.H 

0 

0.90 

3.23 

2H638 

7310 

1.299 

36.HSEC 

287 

27.2 

39000 

0.90 

12.33 

3979 

3000 

1.123 

3. 1  MIN 

729 

3H7.0 

H1 100 

0.90 

12.79 

3H09 

2829 

1.129 

H0.3MIN 

2213 

If. 9 

HI  100 

1.30 

6.03 

16897 

5951 

1.933* 

30.0  SEC 

33H 

10.9 

H0000 

2.00 

3.33 

23H77 

10H62 

2.110* 

39.3SEC 

H69 

11.7 

33200 

2.00 

6.36 

10388 

3H82 

2.119* 

0.6MIN 

332 

233.3 

33200 

2.00 

6.20 

53H3 

333H 

1 .  H7H 

12.5MIN 

1637 

P'S)  AUAIL- 

0  P'S) 

REQ- 

0  AT 

2.23G,  38201  FT, MACH  2.00<CL» 

0.31 ) 

60.  H 

33201 

2.00 

7.08 

10387 

10586 

2. 119* 

3.2MIN 

1132 

P<S)  AUAIL- 

0  P'S) 

REQ- 

0  AT 

3.30G,  30000  FT, MACH  0. 90<CL»0. 71 ) 

P'S)  AUAIL- 

0  P'S) 

REQ- 

0  AT 

2.96G,  30000  FT, MACH  2.00<CL« 

0.31  > 

0.0 

30000 

0.90 

0.0 

0 

0 

0.0 

O.OMIN 

0 

11.H 

30000 

1.60 

3.63 

23113 

10366 

2.078* 

36.9SEC 

0 

DROP  STORES  AT 

50000. 

FEET 

230.0 

62730 

2.00 

6.  18 

HHHH 

H30 1 

1  .H73 

13. 1  MI M 

1  HO  1 

0.0 

H3000 

0.90 

0.0 

0 

0 

0.0 

O.ONIN 

0 

HOO.O 

H9200 

0.90 

12.78 

3676 

19H2 

1  .  (HI 

H6.3MIN 

177? 

63.6 

0 

0.29 

11.37 

21367 

20H1 

1 . 733 

20.OMIN 

121 1 

0.0 

0 

0.0 

0.0 

0 

0 

0.0 

O.ONIN 

669 

COMBAT 

WEIGHT- 

376H7. 

LBS. 

RUN  ON 

*2/19/78  WITH 

1977B 

UEPSION 

OF  CISE 

MSLPC  MACH  2  PENTRATOR  FWC  <2)  COAFVU1 6  ENGINES  PENLAST  POLA 
R 

17«7-177W 
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APPENDIX  F 
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